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(57) Abstract: {Sj^ 

PROBLEM TO BE SOLVED: To obtain a RNA capable of 
specifically binding to the trans activation factor 
protein Tat of HIV-1 in high affinity and useful for 
inhibiting the transcription of the HIV-1. 

SOLUTION: This RNA is a ribonucleic acid containing a 
nucleotide sequence expressed by a secondary structure 
of the formula (N""^ and N^** are each plural pair nucleic 
acid bases capable of forming complementary base pairs; 

and N^a, and N^^, and further N^^ and N^" are 
each one or more pairs of nucleic acid bases capable of 
forming one or more complementary base pairs; N^. 

are each independently one or two nucleic acid 
bases; N^ is one to five nucleic acid bases; the solid 
lines are each a hydrogen bond between nucleic acid 
bases) (double strands, when does not exist). The 
RNA is obtained by mixing Tat protein with a RNA pool of 
120 nucleotides nipped with two primers, filtering the 
mixture to recover the complex of the Tar protein with 
the RNA, eluting the RNA, synthesizing cDNA by a 
reverse transcription reaction, proliferating the cDNA 
by a PCR method, and repeating an operation for 
preparing the RNA by a transcription reaction in vitro 
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[0 o o 1 1 

[|gB;!<7^«-rsstHf5^»l 1= 

i^oRNAlc:Pi~5)o 
[o o 0 2I 

lt*^5t5WS#fl t h^iS^^e^'l'/V^lM (HIV- 
t HI V-l<7)ft5t5i«SR« (LTR) t^W^-^fSffi® 

a t ircT^+aS^^fflt- J:o-rP«BSi^^ (Gaynor, 199 
2) HI V-lC)f8fiS^>^-°^'®Ta t(*. h9V^?S 
-ffiW^^W (TAR) LTRWc^PSP 
S*(7)10i:*g-&-rS (Rosen h, 1985; Daytonb, 19 
86^ Fisherb, 1986). ^T<^-?^/l-^«S 



40 



50 



cv) 



5(Berkhoutb, 1989)o ^iH (TAR) ti. 5 9 5^ ^ V 
:^-^K (nt) d^fe/^SRNA^^Tfe'Q. ^Ht^T a 

fl^fig-rSt::S'2>*'>^^-^'^**>^ (Rosen 1985; F 
eng^S.fO'Holland, 1988; Jakobovlts 1988) o TA 
R RNAi^S^^bfctg> Ta tfiam6^i^te^^« 
i-6 (Cullen. 1986; Peterlineb, 1986; Rice*3j;tBJ 
athews, 1988)„ TAR RNA<7)^*W^tt. V^t5^^ 
5/</Vi;? (bulge) ^Sii^T a t -(75i}#^W*g^*3 ^ 

:;^Sa^iJtth7:/^?Sft^ti^i£i^®-efcS^^Ta t (Z>in viv 

J:miolland, 1988; BerkhoutiS JcU^Jeang, 1989; Ding 
well?,, 1989: Cordinglyb, 1990; Royb. 1990; Week 
sh, 1990) o 

[0 0 0 31 tb tmer^ymt^h^^^'i^^'^^^ 

it(cJ£«cO^«S^J#o (Aryaic., 1985; Sodroski 
1985)o v-^^T^^ V}cSA.fcWf* >'^-^^ W^^^ 
tgtCto-Ci£^^?a-efc'9 (Garcia b, 1988; Kubotab, 19 
88). ^U-Cr<?5W(*Ta t 

b < jat^-rS^B^-^ ^ VSrW-r^ (Frankel 19 

88) o mm\mma. tar rna-c^ww'^^ (w 

eeksb, 1990) io J;tJ«^^(Z5M^E<b(Dang *5 J;U«Lee, 198 
9; Endob, 1989) iZ-M^-T ^ . T a t 

j^fls R N A ^fm-r s j^><^T/v:3? =^ A.f£^ 

azinskiib, 1989). T = >i^BA>fc^l^S:^tffe'' ^ 
-C'TAR RNAl::JS^i-S(Weekse, 1990; Calnan 




tb, 1991a) „ t a t it^S^m^JfiH I V - 1 ft^S-T-c^ h 
(Ensolife), 1990, 1993)o $ bi-. T a t «S.ftH I 

V - 1 co^^6«)7feii&te^(ci t o xm^-C'foS :!! ir /55*o b 

^^XV''5 (Harrishb, 1997)o 
(00041 Ta t{clJ:-5HI V<i^y A^3Eg.<^ 

v^^^v^o iiifLttii^»f XT a t }cJ;oXMji:$ixS!5' 
^7v;>^mRNA*3J:tJ«^' v^-«i^K<^^^jt*ti. MRSi^ 

S<t "9 t)100'fffiftV^i:J6:S^Sttfc(Hauber*3<tt/Cullen, 
1988) o Ta t ttJiiCiJ' — 5 ^ — — L-X, fe^id^Jlt 

xmHi-t-5 ir^5fR^$tbXv^2) (*gB^{::ov^x^i. Va 

ishavjo J: Wong-Staal, 1991; Cullen, 1992; Jeang 

h, i993#Rg)c T a t (DiEm^£mmi^o^^'r:nm^(D 

^Jft^aSfeSi: bXfe. Ta ttiTAR RNA(Cl|g-^ 

<tbXl^«g-rS. iv^5-a■S{-iibfcj; 9M*:jKSo 
^o^»co^WcDW%^*^ Ta t tc:J:5^^<30fiMt-«*B 
flSttte^H^i: T AR RNAia?iJcD^^ttcD[^::^^5^> 
^Xfe-2) ir^T^bfc (*^^{-oV^X{*. Gaynor, 1992; Jo 
nes*3j;TJ«Peterlin, 1994#M) o fe^^-^fl^ 
<Dm^M^<^ffS.^iLX (assembly) COlUMl^^tiaifitCJ^C -5 * 
X^I3gX&o7t„ Ta t ^S^fe-f^^H^ic^g^LX. 

cDf^TAR RNA{::^-^-t"S<??;0^^ *;fct*T a t 
?0{-TAR RNA{:i*S-a-UX-^<^?^te^H^t-S$-^i~ 
^coa^, ;ei^^J)J*>fi^MXfeo;fco Garcia-Martinez b (19 
97)fi, Ta t (preinitiation) 

1t'g-fl5:(c:*DV^XRNA/-Ky ^ 9— If I I t^-^b, 

ftbitTj? < ;^fofcRNA7}^y ;^ 7— e~ I I ^^TAR RN 
A^aig-rsra(^^-&fls:^tT a t ttTAR RNAi:^ 

[0 0 0 5] RNA-i5':/^-«^'!ttffi3Lf^fflcoa'b»** 

■t^5^j<73CC)9*3{-> T a t ^-g-f^COT AR RNAjr 

VCO^Mfi, R— fet* (CD) *3j;TJ«NMRW^{-J;o 

X 13^51 {-ft^^iT^Tt (Tanjo j;Wrankel, 1992; Puglis 
ih. 1992; Aboul-ela?5, 1995, 1996)o TARRNA 
cc)=i V:^^;^— i/a VtiliaitSPfBlt^^'fttt. T a t 
^ FS:ffiv>fcm-a'f*J&^>9X7fe< , r/t'^— :/^3Sf-J;o 

Ta tiC^-a^Xt/^< bf'TAR0O^Mft:^fflV^fc«r 

7-/V^:=i ^'CQtftfiJ^^ S fc it) (oilSft $ V ^ 

X, T a t K*3<tD5TAR RNAidiRfS 

l^(75T/V=¥=i/aS^-^tf-<v^^ Hfi. imSih^i/ 
;=^f£tt'(k^Wia-r-5COi;H-^>Xfco/t (Calnanfe, 1991 



(5) 11-127864 
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a,b)o TAR-T/V^^vm-^fl^('Mi-S$e>^^SNM 
RW%«> TARf*T/V=3r=^>'<7?fc*CD#S6^^-^$P{i 
SrWrs::: tSrTj^l^Ufc (Puglisib, 1992) „ T/l^^=- 

joV^X^i. H:SS^^/Vi^i-*ilt5fiS^^aKU 2 3 
P^-r'5X7"J^(stem)(Z>A • U4gX>!^i: ^7 — ^' y^'T — 

>'+aa{^ffl^tT''^ 5o ::i<5o*v=VHi, TARic*5lt5U 
• A • Ul^-a-^mmcDC • G • C^-^lcH^^^;^Sr i 
t;iJ;oX^^^$tb5 (Puglisi?>, 1993)o ft^a^Of^gfiido 

ffi Z)S T A R C0«3t t o X S;^ X S ^ S 
(Taof>, 1997)„ 2 OWS^cC SW^fiffSJfet^. (ffiS*)" 
ittB'J^IcO) h y (triple) ST 

AR RNACDNMRW5uOO^^{C*5^tS^V^JlV^^;lt> 
;0^/5^t3ib-r. TAR R N ACOWigi^lWr-S— ftSlS^J^^:^ 
ati, ±?ft{ci3itS-'</^i^uco*Djo j;-^<7>{iLg*3J:i>*T 
AR RNAiCjottSWffiXwSBfpltcoV^X— i6:UXV^ 

•So 

[0 0 0 6] Tat ^>-^<^Ki-i.li I V- K^^-f'P'i^ 

20 ^ ^/w*3j;i/'^-i'/w;^it5it(c*3V^xffi>!!'CC)1^tg^i^-ofc 
Xfi^/?)='05K:;b6^^^tSe<]Xfe5o ig5fe{-^3V^X^o;*^c7) 

iteT-^^B&;5^ H I voi«Jii^m'Ji~S^^J-*5v>x 

:x^ir:/;=^55-T-s y ;i^~-|f T'=^^ (decoy) (*Sf^ 
{;iov^xt±, Yutj, i994#Bao . *3 j;t>'^^t5T«ex#14 

^X;&SH I V^;l^^U;t*fflfla^C*3V^X^®^$tt7t (Harr 
isonb, 1992) „ bc^^B&roM^^t^it (^Jx.[^. 

30 V ■^t7'=^>() t> * ^c^^ff^ ^ Hfc (YuyamaPj, 19 

94; YamadaP), 1996)o r W J: 5 'JCf&l^&tJ^^^c^^m*^ 

J:t/pfflitiin vivoX«wr^Xfe'5;^^ti L.tu/£V^;OS^ ^ 

*3j;U^-g#it{H^^<7>»-^(ciRfirS:^Xfo'5o H I Vig^ 

(iMV >r V-^-fe >^;^RNA^3j;t/y 4?if ^ ^«p(73fl!icr) R 
NA^ ifc?'— coffiffl{rtfe-<-5rtBi4t bX^fiJife^Sr 

^#F-oXV^?)o /£-lf^=?^5, l&m^f^^^i^ (escape mutan 

-^^rlMlh-rST a t *fcf*R e V (H I V- 1 ^ V^^i?- 
K) (:i*3tt-5^Kt>*fc. (0iJx.{**RRE. 
i-/^^*pRe vJSig^ttSm, *3j:t/TARiB^lJ) -^©3^ 
-g-Sr|5aih-r-5i:#^bttS;d^t.Xfc§o RRE*3j;U5T 
ARRNAC0fi5;br;dS7='=3-f t bXftJfflStb. ^UX^tb 
^CO^'=j^ tiSHflai#*i|^4>XH I V(7)SK^ 8 0 %~ 9 
7%Pi.#U;fc (Graharaio j;miaio, 1990; Sullengerb, 
1990; Llsziewlczfe., 1993)o 

[0 0 0 71 'f=i-4{-ti&CO'^^ (T>-^-fe>';^RNA^o 

50 XXIV ^-^-f ■^-^) J: "9 t>ii-5;ei^{-^*6t)/<e^ fc'^' 




miWW^d^, TRP-18 5 (Wu-Bearb, 1995). Ta 
t - S F 1 (Zhou43<};T/Sharp, 1996) ^ ■^]} 7— t^' I 
I (Wu-Bearfj, 1995, 1996) *5 J; WCDftfi. (Sheline 
^, 1991; Rounseville*3 J;t/Kumar, 1992; Gatignol 
h, 1991) #(Z>«ttH^^^^TAR RNAi^^^Wi- 10 

#^iNBfl&(^iWM«B«f^'^'rAR RNAc^^^«, 
in vitro{;i*3V^-Ct)in vivoi:i*5V^-r t)f^ b < ^^fr $ 
-CW^V\ rtte3CD?5^<^)TAR RNAJ; "9 HIV-1 

N" — N" 
C — G 

U 

C ~ G 
U — A 
A — U 
G — C 

U 

G — C 
5' — N'"— N'" - 

/^/>V^ < t> 1 *tO««ST'& 19 , N'fi 1-5 te-T^ffi 

^m-To ) 

[0011] rt@M6^]«*)-?l?f55cJ 



• 1-1 2 7 8 6 4 
10 

[0 0 0 8] 

[mmtmm\^^o t-r^mm} u<>x. ^^mmi-^. hi 

^-^-r -5 - * -S RNA S Wi- S r t ^ g i" 

[0 0 0 9] 

tdST-^SRNA^-g-fiK-rs^ ^^m^^l^ 

{:iSofco -f-^^^^-b. ^ISBJti. Tiaro-^«it 
(I) W;*-^ HWJSr-g-i^s HIV<Z)Tat^? V^>i5' 

[0 0 1 ol 



(I) 



3' 

§0 HIV tVXii. HIV-1 :}oj:miIV-2 :SS^b^^-CV^5 
;$:|gP^<^RNAfi!Kf(cHIV-li: J;<SS-a'i-So :^mm<^ 
40 RNAfi, Tia«^-^^«ig(II)^}^o^^ l/:r^FWJ^- 

it^^tt-t? , HI v<7)Tat V/-? K i: S^-^-T S ^ T' # 6 

[0 0 12] 
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[0 0 17] 

Tic^B^c^RNAfi, ±m(^~^^mma) ^^#o^^u:t-^ 

Kia^iJ^-^tPo r J: 5 :^^RNAfi. El 1 i^iWrn^^ bfc 
J^XT<^:;^ifeT'f^M-r S t si^-e^ So z^^^-^— 1 

KcOft S C75 9 l^yM. /^i^l?lJSr^^oRNA:5^— /Vi Tati? ^-^-^ 

-CMigb, BlJbt^^ofciTatiJ' Vy-^i^KirRNACO^-^i*:^ 40 
|HllKi-5„ ^-a-^^^^bRNA^rMft. mm^^Jt^i^X'Oc 
DNA^^fig-f-^o $ e>{-PCR-CcDNA^lii|igU. jgcV^Tf*^ 
WF*3te^KJSi^J; «3RNASrf^S<, :et_htO^f^ifc5~10Ill 

5 RNAcd;^^ ^ # -5 n <t # § o 
10 0 181 iil2<7) ct 9 (-L-T#e.ttfcRNAi:HIV(0iJx: 

fi. Hiv-i)coTati5'>'y^i5'!Hi:co^-^?SI4ti, £i.TcoJ; 

9 bXSiJ^-rS .t 5c '^PtliSibfcRNAiTat 



fc'^PA^aiJ^-fSo ^#RNA»//156;Brna4 (%) 

(%) ir-r-So ;^^0^(ORNA«, -hl2(50-<2>c«it 
(iD^i^o^iJ' Kie^J;ei»£./£S5^^cDTAR RNAj; 

HIV(^J;tfJ. HIV-I)(7?Tat^'>'y-«^KJr*d~t-Si|i5 

V^JS-^^fPtt^WrS^^. HIV-1 (7:)Tat^>^y<^mi^M 

10 0 191 "PtligsLfcRNA (III) (XfiRNA(IV)) i:t^ 
i^LXV^/^l/^5^^TAR RNA(II) ^ 1 ^ef 1 XM^f-Sc -^r 
'-^^ RNA(III) (XfSRNAdV)) irTAR RNAc^M^W: 1 : 1 
: 200 •*-CCC)a>SrCOjiS?i5%-*P;tSo 3E{-Tat^'>' 
^-«^KcD?g-g-^i5E{:itg^-rs-<:^^ K(RE) ^-«An 
ao'C 12B#raf*Mf^/-Ky Ti^ y/i^Ts: K^i^v^mM?* 
W)-C. RNAi:RNA-<7°^Klt-^fl:€ri9-«iL. Ig-^flSfT)*!]-^ 

^Wi-o ^'7"$ftfc:::«o^S-a'fl=<7)SiJ-g'^a =i|a{rTAR RNA 

/RNA(III)(7)tb^^ioytir9:7«rffi^. 50%1t-a'fls:tr 

[0 0 2 0] ;^^M<??RNA(*, ±if2cr)— 

(II) ^i^Op?>?' KSa^iJ^O^ib^ce-S^ffScOTAR RNAJ; 

"9 HIV(Mx.«\ HIV-1) COTat^ >-y?^Ki->et-r -Silt 

M^4;asi^</^;d^ Hiv-i coTat^^-^^^i^Ktc^c^-rsift^tt 
^^ttffi^^cf-e. i^-r N^;</Dr>^yp;^(cMv)DNA^ilMic: 

CMV:7°?3^ — i^^-fjCOte^^fr? (364 5<^W-:^^ 
K) c :L<D^m^\^. TAR RNAXJiRNA (III) (XfiRNA 

(iv))Sr^;!inu, te^^^ioos^ttife-t-So j^^M^drna 

ttHIV(^Jx.«\ HIV-1) (^|5^|3a»ett<lrW-t-S;^s> HIV- 
i<75te^|3a$S14fi^T(55 J; 5 {- bTifiij:£-r5 ^t-A^X 

HIV-1 LTRSr'^'y i>.4i{-*fi^ii/^f£HeLa^fla{r. 

-T"^^ — ^'— T»fEf-*RNAjte^^i^o:7"9;^ 5 Kl tT 




[0 0 2 1] mv^-^tjtmm^^^m<omA^mA-r^ r 

5 /^::i&'lfe{-<5V^T(i, 'Lipidic vector systems for ge 
ne transfer" (1997) R. J. Lee and L. Huang Crit. R 
ev. Ther. Drug CarrierSyst_14^ 173-206. t^M^tU 10 

-C^-So r<D<t 9^'^:^fe{--^V^-C^i. 'Viral vectors i 
n gene therapy" (1997) A. E. Smith Annu. Rev. Mic 
robiol^ 807-838. (C|E«$nTV>So :itlh<n:fji^ 

I o 0 2 2 1 HiV(7)$g^^PaSi-2) r i: fvi J; 19 , Hivjj^p 
S¥(AiDS)^^if t;i5-e#5o ^;^<7)4^cSco 

v^„ *fc, «0^(^RNA^fflv^-r. Hiv^^M^-rs^?^^ 

O-S? Ufc^^jgi^, :=i bt3-lr/H3— ;5!Lfl^-ei!iigi-'5o HI 
VE±j5l5(7?Tat^'>'/-?i;:'K;0SiWliaF*3tc:^¥iS-r^xfi, ^-hi- ^ 

[0 0 2 3] 

Ta t i?V/^^K(^i«<'>MfPi4^it'^RNAT^^-^- 4C 
(aptamer)(Dm^ (121) 

I V- 1 (Z)TAR RNAfi^flfla43-e^o;o^(^liaijatt 

NAtiTa t(Z)ft^>iS^^<CT:/^=i'^^ I-*5j:t/!t$m6^ 
^^-h fc'^5'--ett/<ev^;^l-t btu/£V\ Ta t ic^MW] 

tr, 75^oiftv^ilfp^4-eig#i-5RNA^^-^^^Bi-r 

Sfcfc. ;*:^eg^fetil20 nt (120 N)tD:>C#V^7 

=iT@a?iJS:^i-6RNA5j-7-»^— -'1'^^''^^=^- i** 
rojt'f5^^ilt;^<^f'*<^ifeB&^^'Jffll-^'° ^' 
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10 0 2 41 ^1 <73Jg^x•!^^ ^^HO'^fllK^RN 

Aia^lJ^HIV-l Ta t 

WRNAl^lMi-S^/l^H:^ 1 : lOi^UT, ^^W-WM 

b y ^v?.ci/^>-^li;J^$*S)ti?). Tat^RNA 
[_b|Q120 N :7°-/K (TAR RNA. 

^tz.\-i.T a t--CD*^5%(??«g-^te^W-r5, 12-18 nt 

bfc (S 1 ) o 2 -t^-I' 7VCC>^-fe h co^tR/iS'i^tf 
tJ«{:i. Ta t--<DM^Sria-<S7^>'Vi5'-*£-a-T5/ir-r 

j;i j; RNA7°— /v^5^t>f Lf'o iJ' /i-^^JStf t^-^ 

{^-/_^vcfix-l 9%»-liAnL.f::o 120 N 

(^10»<il<7)gEm(*:t*. plteti'ZJfoS^Mfl^ do") 

(Dm^^i^^^^^ PGR L,xmm'A'^^<o^^ 

\^^mi^^^f'o U^^U. ^^^^^?SPCR(Z)^Atc 
^iJ$^«fc>/tfeB 9 *5 J;-a«||ii-9--l' tJ'/vS^fecoS'feSri? 13 

[0 0 2 5] ^gp-C\ m9i3^D«Bll-9-^^/^**'^37 

n-^^ia^ij^^b. ^ll-^^-^' ^/v**cQia?iJ^4 ^ 

ia^iJ-trfcS 1 1 G - 2 2*3J;U«i 1 G- 3 1 ^0 2 {-71^ 
i") fi. #<(75ia9iJ;dS^MiS14-t?fcofc||91^-ri?/^i- 

JX^<ORNAgE^JSrMulfold ^7 (Zuker, 1989) 
iwj: 19*tI^)SA./cB#. :7°-/v4'(^*ia<^*^J40% (c^B^-T 
5 15 i7 n - V * b <7) V > -^ik; W I- T A R^«* ^ 

— 7 {■^X(D:=i7mM^^ts) ^i^oTV^fco 

n— :^<^^<5/5^fi2ooOTARi^^=9^— -BJil 

1 G-3 1 ^i^O ([g2#Bi) o TAR=>TS* 
(;5 3>f -f h y r/V^i-Wii^ #2.16 X 10'5l^V:^^K 

-SiMUTV^S (Ferbeyre?>, 1997)o TAR=JTS 

^^,j^7i//J^i>s:?°— /l';5ibTARt^«75^^^> ^L-'C — 

fiTARS^*-et, :^Brrs^^^-^-e^fc<, rtbt*®! 

5„ JiHa2oO^®i5'7^1-«l--rv^/t±/£«$tufc 
7'^^-,^— fi, H I V— 1 <7)TARd5 3 0CD^</^i^^ffi 

S:-^tf<7?{'*i"L'. 2 ow-'^/i^v^^S (ucS^fcfiuu) 

ro/^/vv'M^i^T a t (7?miSiJc:!£l^SX'fo5 r t SrM b;^)^ 
{r.U/c (Weeks*3j:0:Crothers, 1991)o HIV 
-2©TAR RNAfe*f^^ H I V- 1 T a t 
^K--»^W^^*£^&T5Ttgt-rS 2 0(^ (2^<75TA 
) R^^^^^p^ifitdUU-S fcfiUA) (Ch 
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17 ^^18 

ang*D j:tJ«Jeang, 1992)<, 30 nt CO ^ >'^^ =^ T & ^-f" * S @V ^ ^ 1/^5^-^ = T'nMllSl- J: o T^tSlf btvfc^S^^ Ltb^^ 

(73 l^gf ^ fc b Ufc (Tuerkjo J; t/MacDougal-Waugh, 199 [0 0 2 6] 

3)„ rc^^-g^. S^fiH^iB^'J {mft%cofz.^(D) \^t^-f)^^ 1*1] 

^ )\' ^-^fe' 

Tat -y — >t/RNA t RNA RNA* NP 
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[ 0 0 2 7] ■ T a t ^>'x^°i^Kc73#ffiT (P) *fcf* Q*3 J;U^~R E<7)iSi-<:7°^ Kfi 5 ^ 1 1 G - 3 1 RNA 

^?ST (NP) -e^^-g-T s/ir^^|iteL.:fco Ta t^aj; Ufc (0 3 A*3 J:tJ?B#M) „ 

O^M^^e-Si?-^ i5'/^[±)*«^IBS'Jt-t^Bt L.fcRNA7°— /W<?? \Q O -A 0\ Trf^-^ — ^ 5 1 1 G- 3 1 j;tJT A 

Pl^^*t--f i/:^^ b yi:(-10j§i§PJ0O#|s^#^6^ R RNA0DCQj3j:t)«RE-<:7°^ K^cT^'Ig-^^fPtt^ 

m-^^ (tRNA) (^#^T-eiOO u l(D^-^mmmL50 tb^fi-S/c*. ^^fJ^^^tm-a^r^yir^^^tebfco 

mM Tris-HCl (pH 7.5), 50 mM KCl]^i-ecDin vitroig ^/ir-T 1?^*^ Hf^ L-fc R N A (^JgS'^ C Q 

[0 0 2 8] [.mmm2} 5 = 11G-31 RNAtt 30 A4o J;l>'iSBf CD R N A 5r5^^t Ufc (El 3 A#BS,) „ ?1^J5g 

Strffi«^-g■tP®V^-<7^=3^ Kti. ^UfcoXcOTAR R N A«. 56 nM C Q-<^^ 

S't4f-SML'fc4#S1*'^?T AR RNA(^*§-^-rS(^-e #ftT-e*^50% <50l/-</W-Clt-^^^^?]^^i5cL-;fc (0 3 A- 

(Weeksb, 1990; Calnanb, 1991a). ^¥Bm^hi-±^ 1 #8?,) „ 5^11G-3 1 RNA«. CQ-J 

m-^I^^J-jav^TCQ (TS:yK37~72) j3j;r>°RE 7°^ K<73?gS;ii5l4 nM-efel^CScO^-g-f^^^^^StJi-?!? 

(T 5 7 ^49—86) -<:7°^ KC0[iE]^^fflV^fc„ )5gL.:fc (I113A-3#,W) o R E-<7°^ FS:fflV^TI^fll 

Fmt:^6^{-^J5)cL-. (M-S >95%)(c/^5* »:5>W^fT''ce-ofcB#, ^c^TAR RNA(i23nM RE 

T'i^taHP LCi^J: >9lSML-fCo -<:7°^ K<^#^5ETT^'*^50% W-</VT'^S-^^^ ^rJi^Eig Ufc 

[O O 2 9] ^:?'^^ft*CDf^«&^i?>='— (0 3 A- 2#RaO o 5^11G-31 RNA 
T a t Eia^-^P^^ K (CQ^fcttRE ; 40 tt, R E'<:7°=5^ KCO^gi^^ei^S nM-T?^>l^ CfiCO^^f*^??^ 

,B?,) *3J;U«K«TAR RNAc75^^ET-X:-^^^-^Ts/ J^gbfc (0 3A-4#f}S) o m?>t^)*^*tt. 

-fe-f tC^:.ltfco T ARi^^^— 7'^ 2'f@]i^oRNA^=?^ 7tT7°i5' ;55T a t K(-i^V ^ilfott^ W UT V ^ 
— :7 (llG-31 RNA^) CO^:i>^ T a t r tr^P^-T 

K--<73fe-^i;:loV^TTAR^M-&-r•5 J; 5(-S-totbf:i [0 0 3 1 ] /■^/vv'^ScT^fiStt^fi^tt-f-Sf^*. 

(^"— ^5'^i*:0;!#|B»{^f*^FL.TV^/^^^) „ llG-3 1 }i 5 1 1 G - 3 1 RNA(;l*3V^T^Wv?^£ 

RNA (T a t-<:7°^ Ki;^^WiV^^^Ptt?r^#oRNA5> < R N A Sr-a-|5fe C Q *5 J;I/R E-<:7°^ K^ffl V ^ 

T-<^lo) {^*5tt'5*g'a'MJ^^^i^it*t>Sf:i*, i'-fe-r {cl J; o T r « RN AcOfe^^^W 

#P:>ttTAR«l^^— 2fli>ft-i-S*/J^RNA (5^ bfc. C Q-<:7°^ K(73i«Mi:::*5V ^-r (200 nM) . « 

1 lG-3 1 ; 3 7aft:) Sr^b^&^i-'&fiJc ^^,(7)^ < ?F^)5g $ tT.^£/?>^o (03B-1#.BS,) „ L-^^ 

/v^fflv>-rT a t K---o^c7)|*-^^5^Wbfc„ c so R E-<:7°^ KroSiSiSi:l*D^^X (>80nM). if?»CD 




rc9*&mfilStSuiOm^^i— i6:UTV^:^ (Churcherb, 19 
93)o :!ltbe>CDf*^;d^?>, 5 =^ 1 1 G- 3 1 {;:*3lt5-'^ 

[0 0 3 2] TAR RN 

RNACDSEa^J, -r/^:b*>— S*fetiZ:STAR*^— 7 

^^tfSil^lJfi. ^COTAR RNACOTa ttCD^-g^iCl 

IS-t-So ^=^11G— 3 1 RNA;ii>t.0D^VVv?^K0D 

^ y 5,^^{-^$^bfc) A-U3®£i*{ci7— 

^K:*3J:r/TAR RNACDlt-g-flsci: U-Cii^$i^TV^ 
h y :7°/vu • A • u&jf^^-rSo rtvfe^^^-g- 
Tao (1997) (Z)Sjfi<^^^^^{- J: 

:7fi5 ' UXnGA U^Sf^A 
^KSr^FL,. G^SfaT/v=¥->'6O^S-g'(75fc:J^)0D^>irs/ 

h<sr?i^^dc-r5) irs^T'g^^r ir^^ige-rs. 

[0 0 3 3] [||*S0^J3D T a t^^^Ki;i*f-rSTA 
R*Jj;t^5::=. 1 lG-3 lCOti*J-6^^f0l4(^ltt{£*<7)T 

AR RNA:J3 J:t;«5 ^ 1 1 G- 3 1 RNA^W>!rOQ 

i-, i^^m^h\t.M<DT AR RNA*3J;TJ«5 =^ 1 IG 

-3 1 RNAooMfnttSrMtti5?-rafcs:>(cM'^|ig^T 
S/ir-f^HSSLfeo tli§l5'fbT:7°i5'-v'— *5j:t>*TAR R 
NA%1 : 1(D]^XM'^(D=^/Vit (40~8, 000 nMOfg 
H) (7)^^iSjT:7°^5'-^— *3J;t>~TAR RNAirJfcjc, 
80 nM CDRE^:^^ Kc^^^ET-C-Y i^^^ri.^— h L-fCo 
lxfSJm-^!^^30"t:-C12B#P(flWib^-a:. 20% 

y T iJ' y /i-T 5: K^/vji-c^iK^ uf^io r ^^^^ -v— i: r e 

(5^1 1 G - 3 1 : T A R = 40 nM : 3, 200 nM) CD 

T-f^-^ <-:f==^-Ym.'^W-<om^^'^Q%W/p-t^^ 

^r^^V^fcbfCo :Lfhh(D'^^\i.^ Ty"^-^—(DRK^ 
K{C^-rSii¥Pt4:d5. *C73T AR RNAOOiifPtt 



(11) !|#M^1 1 - 1 2 7 8 6 4 

J: ■fc80^S^i^v^ Cdi/2= 3. 2/xM) d^t) L-tb^fet/^::: i ^ 

AR RNAjr^-f-S^/VJtdS 1 : 1 O:^-^, TAR- 

^{c*5^^T«. H I V - 1 (DT/i^^=->^i,z.mAyr£mm^ 

S^-rS'^:?"^ Ha:. 16 pM ;0^6,4O nM <Dm&xM(^T 

AR RNA{^:*g-^-t-S J: 9 i-©i:>ttf-(Churchere>, 1 

993; LongSo J;-a^Crothers, 1995)o Ta t ^:7°^ KCO;;'? 

10 $*LfcT7"i?-^— {iTa t/TAR+BSf^fflSr^Slffcfi 

[0 0 3 41 [IISSM4] :raT ARl^RNA*^— :7 
(iT a t ^y°^ K^-Wiifott^it^t LfCc Tat --S:?"^ 
K t (55?§tl^6<j/^^-^jCjott 5 — *T A R^R N A^^— 

20 frl>{;i-^j^Lfc2oco 5 ' *3J;t)«3' ;^y=r-v'— (20* 
(^j) ^T-— y Vir-t--5ri;{cj;f9, 5:-llG-31 

RNA^mm-r?>^tti^x^?>-^mRNA i=tm 

ML-t'o 3' AUC*3j;Uf5' RNA:^-y =f-^ — = 
— y i/^J^'-f-'Sr iridJ: «9 , ll;*c^RNA II (3' y<ju 
i;'^SU*3J;t/C;5S^^UTV^S) ^ISlS^UfCo 3' *5 

19. — ^^RNA III (5' ^^VPi>BSUU;0^j>i:^U 
TV^S) ^UMLfco z:;*:^RNA IV (/</Wv?aSco 

M:^cr)W^^bTV^S) ^PiSf-rSfc*, 3' AUG 

30 *3j:t/5' AUU;^y r^'-x'— (73p]^?rT:=^— y L. 

Il;*:^S^>rav^TCQ^:7"^ K (40 nM) ^f^-^mmm^X 

IE© J: t> {-t^^ Ufc„ i^::^CD^^/Vi><lr-^tp-:*:^«iti^ 
(n^^RNA I) (i, 40 nM COM&X^S0% (DU^ 

/V-C^g-a-ft^Sr^f^frgL-. *fci5=^l 1 G-3 1 RNAti 

U (r.;2^^RNA II) ([2 6, >^8) *fc«5' 

40 VWt^BSU C (-;$:^RNA III) (13 6. 

:^(DM^nm-r^ (-*^rna iv) cq-<7°^ 

[0 0 3 51 [||Jg0iJ 5 ] 
50 M^mn^^^T ^y-^^ i:i^i1-?> 1 1 G— 3 1 RNA 




-1 lG-3 1) (D^^^m^^f'^. ^^mM^hl-^Ue 

7#RS) o f^S^(DM<^T AK RNA (100 pmole) (75 
mmi-X.. CMV{ClS^-t-Sil^Wte^Sr|!^)50~60% MB 

Vfc (12 7, I >'3*3j;t/4) (Yamamotot), 199 

7)o 100 praole CO t RNA (^Ssij^CD^ t RNA) (7> 
^itT (EI 7, V— *fc(i^?^ET (El 7. 

2) , *3 J:m00 pmole (D^=^l lG-3 1 RNACO 
#^ET (0 7, U — V5) {;i*3tt-5 CMV^^n^— — 

*S;^^^*'fbl^fcir TAR RNACD^a^^Mm 

jfeM*-ei|to^SrPfiWLfcr irdS^fe;S^^/£ofc (El 8 

AR RNA(ct{5-<Ti«v^Mfptt-eT a t-^:7°^ K{;::M 
-a-UTto •tL'X^T:?"^?-^— In vltro(;:i3lt5$K^ 

in h ^> f ■y'^^mm^j^l^ ^ o fc o L. it o T . 

5:— llG-31 RNAfiT a t it^Mft^T^^'^i-^ .k 

[0 0 3 6] 

H I V— 1 COT a t t5'>-^^^Sl-iiSV'>M?Ptt^i^oRN 
AT:?"^'-^— 1 1 G-3 1 ^^ffllUf'o ^Sl 1 G-3 
1 RNA*3 J;t)«5; =^ 1 1 G- 3 1 CDti5::^;iS, ^fgiUfc 
Sb^-CTa t-<:^^ Ki:*g-^i-S J: 5-e&So ^ffi$tb 
li-Ty^df-^—Yt^ av{;:iI^d»V>-^o/c, 2ocOTARil 
RNA*^— :7&i^oT^3 19 . rttbcD^^— :7t±Tv^ 

;4S¥ijwi^;to *<Z5TAR ¥L^A\tmw-^m.m-r^(o\z. 

t). 5=.11G-31 RNAfiH I V- 1 jg^{^*3tt 

[0 0 3 71 [T ARia JrD^^^^^flSTAR RNA 
c^5tlM] DNA-^fiJc^g (392AM, Applied Biosystem 
s, USA)^fflV>T, T 7>^a^— iJ'— :}3J;OT 1 {Cl^-r 
RNAi;i^f£;-rsifi?iJSr-^tf:*-y =^7=':3^^^/ y /i^'^ 

KilS^-^figLfCc y^-<— X:?"^-!'-^— 5'-GGGTTC 
CCTAGTTAGCCAGA-3' (gd^U*-^ 5 ) (Z)#^T'e, T a q 
D N A /K y ;^ 5 (Nippon Gene, Japan) \Z.iiV) — 7^: 

fKDNA;e-y =f>?i^ v-;^-^ KSr ~;$:^D N A{^'^^ U 
fCo ^Sii^fi, 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 
1. 5 mM MgClj, 0. 1% Triton X-100, 0. 2 mM dNTPs, 100 

pmole (Dy-'^— , 78 pmoleCODNA;:*-y 
=i':5? W;*-^ K\ 4oJ;m.5 ^.{xL(DT a q DNA^Ky 
7 — if (Takara, Japan) Sr^tf 100 ^ K'^iii^ft't' "C^ 



(12) 11-127864 

tT.2>*-e, 94''CT-1^PbT, 45'C:T*15>M, *5j;tJ?68°CT- 
2 ^J-W:*^ b Jfc S f--r /Hd^Si^tt fCo n bttfeds D N Ail 
m^=^^ /—/^^X-ttm^^. T7 RNA*Jy;^7 — 
if j;oT$G^$ii:TT AR R N A:i fc«3^^^Mf*: 
TAR RNA^^^$-Brfc„ in vitro{Cl*3tt -Sfe^ 
fi, T7 Ampliscribe kit (Epicentre Technologies, US 
A) ^fflV^fc37°C■r■2H#rB^(D-I' >=^^-<— i/3 >'Comi^^ 
TUfCo RNASr^fsgb, DNT— if I T-^aUf::^, 
10 10% '^tS/KyTi^ y/i^T? Ky7V^fflv^;feMm*S!j (P 
AGE) {cJ;oTKJ£iS-^i^^i9'MUfCo ^^y—/\^it 
m<D^ik. RNA^y/i-;5^b**tti U, [lUIXLf'o 
[0 0 3 81 CTAR RNA*34;t/5: 1 1 G- 3 1 

RNAC9#^ET{-*3JtSin vitrofe^T .y ir-f ] 
U^7W{r*3ltSTAR RNA(^^J!a<ltg{-S:{S-r^ll: 

*fc}4:>:< 1^--t' h C2 (CMV) W'i^Wmn 

^ — — (immediate early promoter) SrfllV'fc.o 

^MC>LTR#6fe^^ttte=^(c:S}^-t-TA 
20 R RNAC>3?l;^^fPi5-rSfcfc(75»Si: L-T, iMt 
bXCMV DNA^SA^fCo C5'-TT 
AGTCATCGCTATTACCATGG-3' (Sfl^J#-l- 6 ) 5' -AGGC 

CT GGATTCACAGGACGGGTG-3' <ia?IJ#-§- 7 ) ] $r ffl V ^ X , T 
aq DNA/i^ y ;^ 7~i?(;i<t 19 , PGR (94t: 3 5> 

50"G 1. 155>, *5j;m2'iC3^>Pfl ; 301^-Y i^/V) 
J;oT, CMV?l[)Sa7°t3^— i?'— (nt -238;d^6>36 
A)^mfm'L-f'o #t.tT>fcPCR^#j (602 nt) ^^^7 
— /Wit^di; i^IUnXL, te^T5'ir-ft^'ffi;ibfCo [a- 
"P]CTPCD#^T-C, HeLai^fla^^COtttb!^ (Promega. US 

30 A) ^fflv^Ti5^Kj!S*»L^co x-ri2m±(ommm 

3 mM MgClj, 0.4 niMcD#ATP, GTP*3 J;-0'UTP, i3 X. 
D^16mM CTP, Mt/{-10//Ci[a-"P]CTP (3,000 Ci/mmo 
le; Amersham, U. K. ) ^iS^?S[20 mMHEPES (pH 7.9), 1 
00 mM KCl, 0. 2 mM EDTA, 0. 5 mM DTTioJ:D«20% i?"' y ir 
y >-] 4'"e)S'g'b, rtbSrlOO pmole COTAR RN 
A, ^c=:llG-31 RNA, * fctt^WS^fec?:)^ t 
RNA (Boehringer Mannheim, Germany) <t^ffi-a'U% 30 
°C-ei5^W ^ii-fCo r (75H/^;}S^i^{^ P C R (7)fc 

fi)CQilMDNA 100 ng^M3tL, S^S)S^a^25 1 
40 U, SO'CT*^ e5i;i455^ra^ >-^^-<— i^^ilSic 

L-fCo 175 // lcD#:jh^jj$ [0.3 M Tris-HCl (pH 7.4), 
0. 3 M h y 0. 5% SDS, 2 mM EDTA i6 ^XI3 

mg/ml 60tRNA] ^SsAP LT^fSSr'f^Ih ai^i-y 

A^n— >'i5''ISW^i^ [25 mM EDTA:fcJ;m. 5 M ^ 

*) 't'xgo^-esrJ^PBl^tt^-iir, 7 M ^*^-&W-rs6% 

Ufcio -Y v'T-^^^if— (BAS 2000; Fuji Film, Ja 
50 pan) SrfflV^T•y/^J;COx•<>' K^^iLfCo 




loo 3 91 CT a t ^515^:?°^ K(^-^fi5c4o j:TJ«y/l-i/ 

^ijcUfco •f-''^*?-^. CQ (T5y®?37~72, CFTTKALGIS 
YGR KKRRQRRRPPQGSQTHQVSLSKQ(gd?iJ#-^8) , 36fif*:) 
fcJ;t/RE (T^y ®J49~86, RKKRRQRRRPPQGSQTHQVSLS 
KQPTSQSRGDPTGPKE (ia?IJ#-§-9) , 384^$:) ^efeSo - 

[0 0 4 0] CQ-ST^^KSr. 8 a* 1 CD*g-^SJ^?^S ClO 
BttM Tris-HCl (pH 8.0), 70 mM NaCl, 2 mM EDTA, 40 n 

M S#Wl±J5l5^t RNA (Boehringer)*3 J;tJ«0. 01% Nonide 
t P-40 (Shell Chemicals, USA) ] "C 5 ' tlHi'fbTAR 

TAR RNA^94't:-e2$>ra^tt^-ti:. ffi^ cr>^iS<75 

K^rS-^i-Sftfri-SfiT'io^RflW'ft^-yr^^cio ?^ 

^4^Sr30'Cl?l HfPn^-r ^'^^f }. L.^ 15% #^'t±-j7'/W 

Srffl V ^T P A G E {d J: o T^-^ft: i^ltco R N A ^^55-^ 

[0 0 4 1] [T a t ^'>'^-?:^'Ki3j:t/RNA:r— /V] 

^^m^ ht)^m^<^tz.ii>i,::.m^^f'n i v- 1 cot a 

l^^<^'M.\-i-. RepliGen(USA);a^b^AUf:io ftl^JJ-. HeL 

:Z(DT a t i5'>/'-?^'H(7)LTRfiSc#i4 h^V^SHi-ftlSr 

tt-fk^X^^-rs:! ir;i557j^$nfco TARtco^^ 

9. ;*:^PJ#e5«JhlBPl5li|^tiSi*feft<^ (>90%) fgtiT 

[0 0 4 2] /U4'CC>RNAfi, ifiUcDTtfeCO 2 0(^ 

^^^lSet-i**tl.fcl20 nt (N)(75^^yi=>='T'gHftE^tX 
T<7> J: 5 ^i:^^A/-ev^fc (Ellington jajtU^Szostak, 199 
2) :5' — GGGAGAAUUCCGACCAGAAGCUU— 120N~CAUAUG UGCG 
UCUACAUGGAUCCUCA— 3' (ia^lj#-§- 1 O) <, :7°— /VCQlfilil 
iCffiV^/c:7°7-< -^^tt, 5' -AGTAATAGGACTCACTATAGGGAGA 
ATTC(X}ACCAGAAG-3' (39. 169irf45-fS; ia^J#-^ll) *3J; 
t/5' -TGAGGATCCATGTAGACGCACATA-3' (24.169 h^-^ir^; 

UT^S: t RNA (Boehringer Mannheim) 

[0 0 4 3] Cin vitroSiR] in vitroiSfROD/c fe^^ 
m^h-f)^'^-^fz.-:fr2 h=i— /H±. Urvilfc,(1997)(:iJ:o 

/Ki, 5.0 /xVKft^iii;^) CORN A (*^4 x 10"#!<55R 
NAia^lJiCtaa-f-^)) *3J;U«0. 5 mM Ta t^^^y^-^^W 

(H I V - 1) ^^m-r^m^mmm^xmrnx^t^o t 

a t iS'V^-^^'KirT"— /VRNA^ili'g-rSfluf:!, 

/v4i(75 R N A ^m'^mm-m^-r:9Q°cx- 2 ^^ra^tt ^ 
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^^24 

-fbS-fJEiiU/to Xfifei-M^ttTV^S J; ^JcKUrvilb, 

1997) 1 B#PBi-t' 1^-^=1.^— V L.xm.m b 

^^«iSSr_tttY-#!t*S6t)RNA 
(::'cC»tRNA) *3j;W^I^M-^f^RNA (+18 
f3+44 ^-eCDp? ri' l^;^-^ K^-^tfT AR RNA) CD# 
ffiTT?60-+>->r t?'/V*t?:7"— /VRNA^T a t i^cD^-^i:! 

10 tbtz.y'~-/U (12~18 N:7°— /K ^5%COTa t S^-^^^W 
■rS)] tM-a-^-^fCo ft^(35 21^'1'i5'/^■rfi, Ta tiJ' 
i/^N°^'»c^Jt-S<^^^{:i{gT$-*f'o *£-^lg««> 50 
mM Tris-HCl (pH 7.8) *5J;t/50 mM KCl d^fe^^oTV^ 
fco v^— /t'O RNASr, "Pop-top" :7^'/V^'—7K—yUi5^ 
— (Nucleopore, USA) ^ hi^ll^tbm.h'^tz: 

=^ h a-feyvo— >?.Tir^— — (HAWP -7 ^ jV^f 
— , 0. 45jum, ii:^ 13.0 mm; Millipore, USA)SrfflV^T 

20 1 mlwf^-a-Stff^S^ffiv^-cSfcjff-rs^^ricj; 19, # 

aS^Rt^-1' i^/Ht, T a t -RNAlg-g-^^^:7-i'/W:^'— ± 
{^**7to 0. 4 M g^^-f h y A, 5 mM EDTA*3 j:t/7 M 

^*(pH 5. 5)Sr90°C-e5^{:i^;feo-CfflV^T. Sg-^b 

AMVia*^^^^ (Seikagaku, Japan) io J:l/T a 
q DNAJf? D ^ 7—- (Nippon Gene) ^-?:H^'tbffiV^ 

i^&te:^S3J:t/PCR(cj;5ili|iSS:«t^f2azB$iT.-C 
V^^ J; 5 {-^iffiL.fc(Urvilb, 1997) „ 

[0 0 4 41 ^^{d. 119. ioi3J:r)«iii^-Y^'/v-efi^ 

30 ^^^^^i4PCR7°T3 /V (Leungfj, 1989)^5^11 

fflbfc„ rHtsCOl^-^ c DNAR^Sili-g-^CD 

it^:9-^5fe(^iEaiUfcJ; ^{-li'l'SL, ^'iJt^J^^fiioo M 

ICQP CRS:iS:?!S^i^ [67 mMTris-HCl (pH 8. 8) , 16.6 
mM (NH4)2S04, 6.1 mM MgCl,, 6. 7 mM EDTA (pH 8.0). 
0.17 mg/ml BSA. 10 mM jS /l';«7 :7° h iS^ 7 — /K 1% 
DMSO. 0. 2 mM dATP. #1 mMCOdCTP. dGTP*5 J; TJ^dTTP. 
0. 5 mM MnClj, 5 UCOT a q D N A /K U ^ — If *3 J: 

t/0. 4 moy^-fy ^ -^—^^ts] ^xm^l^f^o RJ^-M. 
40 M'^c-i^-f^/i-^fctt. 94t;T:?i. 15^5-PhT. 50"C-ei. is^PbT 

T7 RNA/K!) y ^— If ^ffiV^fcftg^{:ijt5ioT. r 

I O O 4 5 ] ^ll^Ki^^ ^'/I^'^ft. PCRCO^fe^rln 
vitrogen{Cl J; o TS#t § f^f^^y^ti h = —/WJCtigo T jlCgl 

pCRII^:?^^?' — (Invitrogen, USA) {dig^ Ulfco T/^:* 
y^ft?i!fe{::<toT#^' a— >-;*i?>DNASr^gf Dye 
Terminator Sequencing Kit [Applied Biosystems Inc. 
50 (ABI)] SrffiV^-CDNAv— i^-aii^-if— (373AM; ABl) 



10 



25 

1004 6] is-a-Tsz-fe-r] 

— CD^-^ettSrff^-rSfc*, 0.5 /zCi/ml [a-"P]CT 

t/in vitro$5^0D^i^(*, RNACQTa t iC^-f-^-^/V 
li^l : 1 (330 nM:330 nM) bf:iiJX^(i, il^JeifflV^ 

^ Is] C o fc„ 1ml oolS^liWrS^ffl V ■> T 7 ^' 
/i^i? — &gfe#L, ag^^j^b. i^T-t-^-fif— (B 

[0 04 71 Cy/V'>:7 HM-^^-^T -^-k-r ] 5 ' 

t^l^'fh: 5: =^ 1 1 G — 3 1 RNAioit/TAR RNA 

^SlOl : 1 oo^/vhb'ejg^-g'Ufco ^tll9£5 — 1 IG- 

3 1 RNA*3j:t)«T AR RN A^ffiV^TJt^&PM 

L-fc^, 5 — IIG— 3 1 RNA^fTARCOS-^i-tOJ*; 
(1 : : 200 CO^m) Sr^PiiUfc (40 nM 5; =^ 

1 lG-3 1 *5J;mo~8,OOOnM-S-e#-!rJCit;k-t"Sai 
ScDTAR RNA)o fii5;&(7)RN ASr94't:-TC?2 ^^-r^l^ 
t4$-ar> ^{dlSHM-r^^^-fb^-Brfcio ^!k{^RNA1^^^ 
:7°/l-^30^-C12B#rtU80 nM R E^:7°^ K^^-g-^-tt. 

S R N A - Km-^fl^'^^a^^^ 
A{c:J;oT?l^^$tbfc^S-a-f^(7)S<^^>W^U/c:o Ull^JR 

-fTTfi. =&RNA(10 ~100 nM)^100nM CQ^r/^K = 

E^IJ : 

GGGUCUCUCU GGUUAGACCA GAUUUGAGCC UGGGAGCUCU CUGGCUAACU AGGGAACCC 59 
[0 0 5 1] m^m^ : 2 JK^cDSSc : — 

nmcDM^ .37 h/Kni^- : umi^ 

ACXJAAGCUUG AUCCCGUUUG CCGGUCGAUC GCUUCGA 37 
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* (OW&TX'M(0 T A R i ^ "^t'o 

[0048] llG-31 RNAr.;4i:^co-g- 

J^] Tatmm^^'f-h' (CQ) t(O^m&0f^'^(Or'!if> 
C7) 1 1 G- 3 1 CDZlItT ARIS^^— ^COMStt^^At 

^i^-B-fj^L-. 5:=^11G-3 1 R}>iAA>^/l-—y°m^>\ 

Srftmufc^, 4 0(7)-;4c«RNASr8®MLfco *ix?3 

<7)@E[?lJ^iJ^^T<73Ji "9 -CfoS : 5' RNA;d-y=f (5'-ACG 
AAGCUUGAUCCCGAGAC-3' (ia?lJ#-§- 3 ) ) . 3' RNA:^ 
y =f (5' -GUCUCGGUCGAUCX;CUUCGU-3' (gS^Uli^ 1 
3) ) , 5' AUU RNA;*-y='" (5' -ACGAAGCGAUCCC 
GAGAC-3' (ia?ij#-^14) ) , *3j;T>^3' AUG RN 
A;ry =f (5' -GUCUCGGGAUCGCUUCGU-3' (ga>?IJ#-§- 1 

5) ) o =f<o'^mm^m±^in^ti:^^ 
— /V(ABl-e=^^T/l') {-J: '9flJi,<S^Us 20% V T V 

[00 4 9] 

[|§BJC0^:S:1 *I§M{-J:«!). HIV-l<75Tatj5' V^N-i^'Kfr 
-SRNA^O^SWStbfco ::<7)RNAt4, HIV-lcote^Ra^ClflJ 
( O O 5 O 1 

[le^ij^] 

iE?lJ#-§- : 1 
Sa^J<7?ft$ : 5 9 

nmcom mm 



20 



[0 0 5 2] m^m^- : 3 

ia?IJc7)S ^ : 2 0 



40 



8. . 9 
13. . 14 



20 



m^ficomm •■ {^(^mm -^^rna 
ga^ij : 

acgaagcuug aucccgagac 

[0 0 5 3] ia?IJ#^ : 4 
ifi^'JcoftS : 1 6 5 

mm : 

gggagaauuc cgaccagaag cuugaucccg UUUGCCGGUC GAUCGCUGUA UGUAUCGUUU 60 

AAACGAACCU GGAUGUUCCU GUCUUUGCUU UAUGCGUCGU GUUGACCCGA GACUGGGGAA 120 



7if.^mK r3'-cu-5'j ^^-t^ 



27 
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UUCUUUAAUU UCGUGUAGUC AUAUGUGCGU CUACAUGGAU CCUCA 



58 



rfigDNA 



rfigDNA 



[ 0 0 5 4 J : 5 

Sa^lJcOS^ : 2 0 

mmff^m mm 

wm : 

GGGTTCCCTA GTTAGCCAGA 
[0 0 5 5] ia^lJS^ : 6 

ga?lJ09ft$ : 2 2 
E^IJcDM : 

i3?IJ : 

TTAGTCATCG CTATTACCAT GG 
[0 0 5 6] Sa^lJ## : 7 
Sa?IJ(7?ft§ : 2 4 

ie^j<z)M : 

AGGCCTGGAT TCACAGGACG GGTG 

[0 0 5 71 mmm^ ■■ s 

m^lCOfi:^ : 3 6 

: 

Cys Phe Thr Thr Lys Ala Leu Gly He Ser Tyr Gly Arg Lys Lys Arg 
Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr His Gin Val Ser 
Leu Ser Lys Gin 

[0 0 5 8] : 9 ♦ h jKh v?— : jlL^^^ 

wim<D-s:^ : 3 8 wm<omm k 

la^'j : 

Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr 
His Gin Val Ser Leu Ser Lys Gin Pro Thr Ser Gin Ser Arg Gly Asp 
Pro Thr Gly Pro Lys Glu 

[0 0 5 9] ga^ij#-^ : 1 o mmcomm •. mc^mm -g-^gRNA 

gayijcoft^ : 1 6 9 sa^jt^itm : 

ia^COM : #m«r^-t-fS-^ : unsure 



20 



22 



24 



1^=^ K 



16 

32 
36 



16 
32 
38 



h /j^ 13 V?— : ji 



^tEiiLS : 24. . 143 



ia^ij 



GGGAGAAUUC CGACCAGAAG CUUNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 
NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 
NNNNNNNNNN NNNNNNNNNN NNNCAUAUGU GCGUCUACAU GGAUCCUCA 

[00 6 0] ga^j#-^ : 1 1 m<Dm -^m 

ga^lJcOft^ : 3 9 hPifiav?^ : ^.m^ 

ia^ij»M : mm la^ijcoflip : {iLff:>mm. ^^tSdna 

laM : 

AGTAATACGA CTCACTATAG GGAGAATTCX; GACCAGAAG 



60 
120 
169 



39 



[0 0 6 1 ] ga^lJ*-^ : 1 2 
ia?lJ<5D* ^ : 2 4 

sm(Dm : mm 

mm : 

TGAGGATCCA TGTAGACGCA CATA 
[0 0 6 2] ia^lj#^ : 1 3 



50 ia^ljoofl:^ : 2 O 



rfifeDNA 



24 



29 

nmcDm •. mm 

mm : 

GUCUCGGUCG AUCGCUUCGU 
[0 0 6 3] Sm^^- : 1 4 
ie.^lJcD*$ : 1 8 

mm<Dm : mm 

mm : 

ACGAAGCGAU CCCGAGAC 
[00 64] ga^JS^ : 1 5 
mm(DM^ : 1 8 

mm<Dm. : mm 

mm : 

GUCUCGGGAU CGCUUCGU 

[0 0 6 51 ##:s:flR 
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1. Title of Invention 
RNA having higli affinity to Tat protein of HIV 



2. Claims 

(1) A ribonucleic acid that is capable of binding to a trans- 
activation protein of hunan iamunodef tclency virus and which comprises 
the nucleotide sequence represented by the foliowiflg second structure 
CI): 

— N"* 
C — G 
N'' - 

U 
N' 

C — G 

U — A 

A — U (i> 
G — C 

U 

N"— N" 
G — C 
5' — N'' — N'" — 3' 



wherein N" and N'" are at least 2 pairs of nucleic acid bases capable 
of complementary base pairing. N*' and N"^" are at least I pair of 
nucleic acid bases capable of complementary base pairing. N* and N* are 
each independently 1 or 2 nucleic acid base(s), N"* and N*' are at 
lea«t 1 pair of nucleic acid bases capable of complementary base 
pairing, N"" and N'" are at least 1 pair of nucleic acid bases capable 
of comolementary base pairing. N' is 0-5 nucleic acid baseCs), when N' 
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Is absent, the ribonucleic acid is duplex and N'* and N'" are at least 
2 pair of nucleic acid bases capable of complenentary base pairing, and 
the bold lines represent hydrogen bonds between the nucleic acid bases. 

C2) The ribonucleic acid of claim 1 which is capable of binding to a 
trans-activation protein of hunan imunodef iciency virus with higher 
affinity, compared to a natural occurring trans-activating response 
region ribonucleic acid consistiag of the nucleotide sequence 
represented by the following second structure CI I): 

C A 

C - G 

G - C 

A - U 

Ua - u 

G - C 
A - U 
C - G 
' aC - G 
Aq - C 

A - V (II) 
U - A 
U - A 
G - C 
G - U 
U - A 
C - O 
U • G 
C - G 
- A 
^ U - A 
G - C 
G - C 
5 — G - C — 3- 



Wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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(3) The ribonucleic acid of clain 1 or 2 which is capable of binding to 
a trans-activation protein of human ianunodef iciency virus with higher 
specificity, conpared to a natural occurring trans-activating response 
region ribonucleic acid consisting of the nucleotide sequence 
represented by the folloming second structure CIO'- 
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C —3' 



Wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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C4) The ribonucleic acid of claim 1 which comprises the nucleotide 
sequence represented by the following second structure (III): 

u c 

G-C 
C-G 
C-Gu 

c-gc 

U- A 

ugIc (•'I) 

Uc-G 

G-C 

A-U 

A'U 

G-C 

C-G 
5'^ A3, 

wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 

(5) The ribonucleic acid of claim 1 which conprises the duplex 
nucleotide sequence represented by the folJowing second structure (IV): 



3' 5* 

A-U 

G-C 

A-U 

O-C 

C-G 

C-Gu 

C-GC 

U-A 

A-U (IV) 

uG-c 

Uc-G 

G-C 

A-U 

A-U 

G-C 

C-G 

^ A-U 
5. 3. 



wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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C6) The ribonucleic acid of clain 1 which consists of the nucleotide 
sequence represented by the following second structure (V): 



u • a c 

c-e 

V-K 

o-c 

U D 

„u ue-a 



A. U A 



c-auj 




<V) 



wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 

(7) A pharnaceutical conposltlon conprlsing the ribonucleic acid of 
claim 1. 

C8> The pbarnaceutical conposition of clain 7 for inhibiting the 
transcription of human inmunodef iclency virus. 

(9) The pharn&ceutical conposition of clain 7 which is used as an anti- 
virus agent against human innunodef Iciency virus. 
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(10) The pharnaceutical composition of claim 7 for diagnosing a disease 
associated witli human innunodef i ciency virus. 

(11) The pharmaceutical composition of claim 7 for preventing and/or 
treating a disease associated with human immunodeficiency virus. 

(12) A method for inhibiting the transcription of human immunodeficiency 
virus by using the ribonucleic acid of claim 1. 

(13) The method of claim 12, which comprises introducing the ribonucleic 
acid of claim 1 into a cell containing human immunodeficiency virus. 
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3. Detailed Explanation of the. I a vent ton 

The expression of genes encoded by human immunodeficiency virus type-I 
(HIV-l) is regulated by the interaction of cellular factors and a viral 
trans-activator protein. Tat, with specific regulatory eleaents in the 
long terminal repeat (LTR) of HlV-l (Gaynor, X992), The HIV-l regulatory 
protein Tat binds to one of the regulatory elements in the LTR region, 
which is called the trans-activating response region, TAR, (Rosen et 
al. , 1985; Dayton et al.. 1986; Fisher et al. , 1986). This region is 
located innediately downstream from the site of initiation of 
transcription at the 5' end of all the viral transcripts (Berkhout et 
al., 1989). It is an RNA element consisting of 59 nucleotides Cnt), 
which Is the nlRimal notif that is sufficient for formation of a stable- 
hairpin structure that allows binding of Tat in vivo (Rosen et al. , 
1985: Peng and Holland, 1988: Jakobovits et al.. 1988). Tat effectively 
stimulates transcription after Its binding to TAR RNA (Cullen, 1986; 
Peterllne et al. . 1986: Rice and Mathews, 1988). Deletion studies of 
TAR RNA revealed that so-called bulge residues are obligatory both for 
the specific binding to Tat and for trans-actlvatlon, whereas loop 
sequences are necessary for trans-activation but are not essential for 
the binding of Tat In vivo (Peng and Holland, 1988; Berkhoot and Jeang, 
1989; DIngwell et al. , 1989; Cordingly et al., 1990; Roy et ah, 1990; 
Weeks et al.. 1990). 

Tat Is a sBBll cystelne-rich nuclear protein consisting 
of 86 amino acids. It has two major domains, a cysteine- rich regioin and 
highly basic region (Arya et al. . 1985; Sodroskl et al., 1985). The 
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cysteine-rich region is essential for the function of this protein 
(Garcia et al.. 1988; Kubota et al., 1988) and It has a aetal-bindins 
domain that probably nediates the netal-l inked dinerization of Tat 
CFrankel et al., 1988). The basic region is responsible for the specific 
binding to TAR RNA (Weeks et al., 1090). as well as for nuclear 
localization (Dang and Lee, 1989; Bndo et al., 1989). Tat belongs to a 
faallK of RNA-binding proteins that contain arginine-rlch motifs for 
recognition of the respective cognate RNAs (Lazinski et al., 1989). A 
short peptide containing an arginine-rich region binds to TAR RNA with 
specificity similar to that of the intact protein (Weeks et al., 1990; 
Calnan et al. , 1991a). The tat gene product not oniK plays a key role 
in the trans-activation of HIV-1 genes but also has a variety of 
effects on the growth and netabolism of the host cells (Bnsoli et al.. 
1990. 1993). Moreover. Tat is now known to be important for the 
efficient reverse transcription of HIV-1 (Harrish et al.. 1997). 

Despite several studies on the stimulation by Tat of the 
trans-activation of expression of the HIV genome, the precise molecular 
mechanism by which it operates remains obscure. The rates of viral mRNA 
and protein synthesis induced by Tat in mammalian cells were estimated 
to be iOO-fold higher than control rates (Hauber and Cullen. 1988). It 
has been reported that Tat functions as an anti-terminator, an 
elongation factor in transcription and an enhancer of the initiation of 
transcription (for reviews, see Vaishav and Wong-Staal. 1991; Cullen. 
1992; Jeang et al. . 1993). Even though the exact function of Tat remains 
controversial, the emerging consensus appears to be that Tat functions 
as a promoter-specific elongation factor that modifies the transcription 
complex upon binding to TAR RNA. Several early studies showed that, for 
the stimulation of transcription by Tat. both cellular transcription 
factors and the integrity of the TAR RNA sequences are essential (for 
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reviews, see Gaynor, 1992; Jones and Peterlin. 1994). However, the order 
of assembly of components of the transcription complex was not known 
until recently, it was unknown initially whether Tat binds to the 
transcription factors ftrst and then binds to the TAR RNA or whether Tat 
binds initially to the TAR RNA with subsequent binding of transcription 
factors. Garcia-Martinez et al. (1997) suggested that Tat protein might 
associate with RNA polymerase II in the preini t iation complex and then 
the complexed Tat binds to TAR RNA. white stalled RNA polymerase II is 
passing through the TAR RNA. 

A conformational change in TAR RNA upon binding of Tat 
is among the most intriguing of RNA-protein interactions. The 
conformational switch was clearly observed by circular dichroism (CD) 
and NMR studies (Tan and Frankel. 1992; Puglisi et al., 1992; Aboul-ela 
et al., 1995, 1996). A similar change in conformation of TAR RNA was 
achieved not only with Tat peptides but also by arginine alone. However, 
no conformational change was observed either with lysine or with 
variants of TAR that can no longer bind Tat. Tat-derived peptides and 
homopolymers of arginine that bind specifically to TAR RNA, as well as a 
peptide containing a central single arginine residue, were sufficient 
to reproduce wild-type trans-activation in studies designed to 
delineate the role of arginine (Calnan et al., 1991a. b). Further NMR 
studies on the TAR-arglnlne complex suggested that TAR has a specific 
binding site for arginine (Puglisi et al., 1992). Arginine appeares to 
induce a structure where in a critical residue, U23. In a triple-base 
bulge makes a Hoogsteen Interaction with an A*U base pair in the 
adjacent stem. This model was supported by replacing the U*A*U bonding 
in TAR by the Isomorphous C«C«C bonding (Puglisi et al., 1993). Recent 
Dodlf ication and mutagenesis experiments also support the model in 
which a Hoogsteen interaction Is critical for the structure of TAR CTao 
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et al., 1997). Despite the discrepancy between results of NMR studies of 
TAR RNA fron two different laboratories with respect to the formation 
of the base triple (as distinct from base pair), the general consensus 
on the structure of TAR RNA is in agreement about the approximate 
location of the bulge U in the major groove and the orientation of the 
functional groups in the TAR RNA. 

Since the Tat protein has various functions in the life 
cycle of HIV-I, as well as in viral proliferation, it is an important 
and attractive target in efforts to develop weapons against HIV. Several 
genetic strategies have been tested, in the past, in attempts to 
repress the proliferation of HIV. Trans-dominant proteins, single-chain 
antibodies, ant i sense molecules, ribozynes, decoys (for review, see Yu 
et al.. 1994) and use of the LTR of HIV to produce inducible and toxic 
gene products have all been tested in cells that were infected by HIV 
(Harrison et al., 1992). Combinations of these strategies (for example, 
a rlbo2yne and a decoy) have also been examined (Yuyana et al. , 1994; 
Yamada et al.. 1996). Although the expression and regulation of such 
therapeutic molecules might be possible in vivo, their constitutive 
expression could lead to cellular toxicity or to an iamune response by 
the host against the engineered cells. This problem is especially 
significant In the case of toxins and suicide genes. Among various RNA- 
based strategies against HIV infection, the decoy strategy has a 
potential advantage over the use of other RNA inhibitors, such as short 
ant I sense RNAs and rlbozymes, because the generation of escape mutants 
might be less frequent: alterations in Tat or Rev (HIV-1 protein) that 
prevent binding to a decoy would also prevent binding to native elements 
(such as RRB, the Rev-responsive element, and TAR sequences). Both RRB 
and TAR RNAs have been exploited as decoys and, in cell ctil tares, these 
decoys inhibited the replication of HIV by BOX to 97X (Graham and Uaio, 
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1990; Sullenger et al. , 1990; Lisziewicz et al.. 1993). 

Although deco/s might act as nuch more efficient 
inhibitors Cwith possible Ki values In the sub-nanomolar range) than 
other molecules, such as antisense RNAs and ribozymes, decoys might 
potentiall/ be toxic to cells if they were to sequester cellular 
factors, in particular when the decoy RNA happens to include regions 
that can interact with cellular proteins. Several previous studies have 
shown that cellular factors, such as TRP~185 (Wu-Bear et al., 1095), 
Tat-SFl (Zhou and Sharp, 1996). polymerase II (Wu-Bear et al. , 1995. 
1996) and others (Sheline et al., 1991; RounseviUe and Kumar, 1902; 
Gatignoi et al.. 1991) bind efficiently to TAR RNA. Despite these 
studies, the effects of TAR RNA on the cellular machinery of the host 
ceils have not been analyied in detail either in vitro or in vivo, ^fz 
. Ctlt>®^«tOTAR RNAcfct)*>, HlV-1 ©Tat ^ ^^^i^lilZti'i-iMUlaik^tSJz 

iS-^^ S C i 6<-J? # ^ RNA*»<*-r S C t * B W i 4 o 
i *<T? * « RNA*«flt-i- *o 



N" — N''* 
C — G 
— N'" 

U 

C — G 
U — A 
A — U 
G — C 

N' 
U 

G — C 
5' — N^'— N" — 3' 
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(I) 



*5l.>t±. N^H?5i:fcL/.£ < <i: J: < . N'*<ffSE L/aH^ t * tcH, CCD 
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Isolation of an RNA aptaner with high affinity for Tat protein (SI 1 ) 
TAR RNA of HIV-i binds to several cellular factors in the cell. In view 
of its inhibitory effects on the transcription of unrelated genes, as 
observed above, authentic TAR RNA might not be the most suitable 
antagonist and specific inhibitor of Tat. In order to isolate an RNA 
motif that binds to Tat specifically and with high affinity, we 
exploited a strategy for genetic selection in vitro using a pool of 
RNAs with a large random core sequence of 120 nt (120 N). 

In the first selection cycle, about 10'* RNA sequences 
were allowed to bind to the HIV-1 Tat protein at a molar ratio of 
protein to RNA of 1:10 in the binding buffer. In subsequent cycles, 
molar ratios of Tat and RNAs [the 120 N pool, specific competitors 
(either TAR RNA or selected pool RNA with a random core region of 12-18 
nt having about 5% binding ability to Tat) and a non-specific 
competitor. tRNA] were manipulated in order to increase the stringency 
of selection (Table 1). After each set of two cycles of selection, the 
RNA pool was analyzed in a filter-binding assay for binding to Tat. As 
the cycles progressed, levels of specific RNA aptamers that bound to 
Tat increased In the pool from IX to 9X. Since the 10'* variants in the 
120 N pool could not encompass the entire range of possibilities (10^') 
variants, nutagenlc PCR was Introduced after the ninth cycle to increase 
the diversity of functional molecules. However, with the introduction 
of mutagenic PCR. the number of binding species was reduced in the 
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pool, probably as a number of the mutation of critical residues and. 
therefore, we cloned products from both the ninth and the eleventh 
cycle for the analysis of sequences. 

In all. we sequenced 37 clones frou the ninth and the 
eleventh cycles and divided the sequences from the eleventh cycle into 
four classes. Two major classes of sequences (two representative 
sequences. llG-22 and llC-31, are shown in Pig. 2) were derived from the 
eleventh cycle RNA pool, as compared to the ninth cycle, in which many 
sequences were unrelated. When these RNA sequences were folded by the 
Mulfold program (Zuker, 1989), 15 clones, representing about 40JS of the 
population In the pool had a TAR-like rootif (containing all core 
elements) in their randomized region. However, some of the clones has 
two TAR-like motifs, for example, lIC-31 (Fig. 2). Combinatorial 
analysis of TAR core elements predicts that at least one sequence should 
be found In every 2.16 x 10* nucleotides (Ferbeyre et al.. 1997). 
Despite such a low probability of distribution of TAR core elements, we 
were able to isolate TAR-like elements from the random pool, and even a 
double-TAR element, probably because selective pressure was maintained 
during the entire selection procedure. Although the predominant selected 
aptamers that belonged to the two major classes contained two bulge 
residues (UC or UU). as opposed to three in the TAR of HlV-1, 
mutational analysis has revealed that at least two bulge residues are 
necessary for recognition of Tat (Weeks and Crothers, 1991). Moreover. 
TAR RNA of HIV-2 also contains two (UU or UA In two TAR motifs) bulge 
residues that allow efficient binding to the HIV-1 Tat peptide (Chang 
and Jeans, 1992). A similar selection procedure, using an RNA pool with 
a 30 nt random core, resulted In isolation of other structural forms 
(Tuerk and HacOoagal -Waugh. 1993). In this case, selection might have 
been hampered by the short random-core region over the fixed sequences 
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(for amplifications). 
Table 1. 



Table 1. Concentrations of RNA and protein used and the ability of the 
RNA pool to bind to Tat after each selection cycle. 
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a. The binding assays were performed either in the presence (P) or 
absence (NP) of Tal protein. Both Tat and individually labeled RNA 
pools from different cycles were irwubatad together and then filtered 
under similar conditions to those used during selection in vitro in the 
presence of a 10-fold excess a non-specific competitor (tRNA) in 100- 
\ii binding buffer [50 mM Trla-HCI (pH 7.5), 50 mM KCI], # Specific 
RNA competitor (see Experimenlal Procedures) 
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Mini llG-31 RNA binds efficiently to Tat-deri ved peptides 
Since a stiort peptide that contains an arginlne-rich region binds to TAR 
RNA with specificity similar to that of the intact protein (Weeits et 
al. . 1990: Calnan et al. . IQSla). we used both the CQ (amino acids 37- 
72) and RB (amino acids 49-86) peptides in further studies. These 
peptides were synthesized chemically and purified to homogeneity (>95X 
purity) by reverse-phase HPLC. 

Initially, a representative clone from each class was 
subjected to a competitive binding assay in the presence of a Tat- 
derived peptide (CQ or RB; see Experimental Procedures) and authentic 
TAR RNA. Only RNA motifs with two TAR-like motifs, such as llG-31 RNA. 
appeared to compete with TAR for bind to the Tat peptides (data not 
shown). In order to locate the binding region in the llG-31 RNA (one of 
the RNAs with high affinity for the Tat peptides), we chemically 
synthesi2ed a minimal RNA (mini llG-31: 37 mer) that had two TAR-like 
motifs and analyzed its binding to Tat peptides on native gels. Both CQ 
and RB peptides efficiently bound to mini llC-31 RNA (Pig. 3. A and B). 

To compare the binding affinities of the aptamer, mini 
llG-31. and TAR RNA to the CQ and RB peptides, we performed binding 
assay In vhich labeled RNAs were Incabaced with various concentrations 
of CQ or RB peptide, with subsequent separation of complexed and free 
RNA on a 20X non-denaturing polyacrylamlde gel (Pig. SA). The amunt of 
each complex formed was calculated directly from the Intensities of 
bands on the gel. Authentic TAR RNA formed a complex at a level of about 
50% In the presence of 56 nil CQ peptide (Pig. 3A-1>. whereas mini llG- 
31 RNA efficiently formed the same amount of complex even at 14 nil CQ 
peptide (Pig. 3A-3). When we performed a similar analysis using RB 
peptide, authentic TAR RNA formed a complex at a level of about SOX in 
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the presence of 23 nM RE peptide (Fig. 3A-2>. whereas nini llG-31 RNA 
formed the same amount of complex even at 3 nil RE peptide (Fig. 3A-4). 
These results suggest that the selected aptamer had higher affinity for 
the Tat peptides. 

In order to evaluate the importance of bulge residues, 
we synthesized an RNA that lacked the bulge residues in mini UG-31 RNA 
and analyzed its binding in gel -shift assays with the CQ and RB 
peptides. No complex was formed even at a high concentration (200 nM) 
of CQ peptide (Fig. 3B-1). However, a small amount of complex was 
formed at high concentrations (>80 nM) of the RB peptide (Pig. 3B-2). A 
similar experiment was performed with authentic TAR RNA, as well as 
with the bulge mutant RNA. to examine binding to the RE and CQ peptides 
and we observed that the CQ peptide efficiently distinguished the bulge 
variant, as compared to the RB peptide, a result consistent with 
previous observations (Churcher et al., 1993). From these studies it 
appears that the bulge residues in mini llG-31 are important for the 
recognition of Tat peptides. 

Our various studies indicated that core elements of TAR 
RNA were well conserved in the Isolated aptamers that belonged to the 
two predominant classes, suggesting the importance of the conserved 
residues. The sequences of the selected RNAs, sequences containing 
either a single or a double TAR motif, confirm the details of all the 
core elements that were previously Identified as being required for 
binding of authentic TAR RNA to Tat. Deletion of bulge residues from 
mini llG-31 SNA completely abolished the binding of Tat peptides. In 
addition, the bulge U residue was found in the single and the double 
TAR motif. This notif probably forms a Hoogsteen base pair witli A-U 
(Watson-Crick paired) residues to form a base-triple U«A*U as proposed 
for complexes of arglnine or the Tat peptide and TAR RNA. Taken 
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together, t^he recent nutational results of Tao et al. (1997) and our 
present results suggest that the argtnine-binding notif of TAR can be 
sunnarized as 5' UXnGA, where the U residue is predicted to nake a 
Hoogsteen interaction with the A residue, Xn indicates at least one 
unpaired nucleotide and the C residue forns a pocket for binding of 
arginine. 



mmm 3 ] 

Conparison of the relative affinities of TAR and mini llG-31 for the Tat 
peptide 

When authentic TAR RNA and mini liG-3i RNA were titrated with various 
amounts of Tat peptides, the aptaner was observed to bind efficiently to 
the Tat peptides. We next performed conpetitive binding assays to 
compare the affinities of authentic TAR RNA and mini UG-31 RNA 
directly. The labeled aptamer and TAR RNA were incubated at a ratio of 
1 : I with unlabeled aptamer and TAR RNA at various molar ratios 
(ranging from 40-8.000 nM) in the presence of 80 nM RE peptide. The 
reaction mixture was allowed to equilibrate at 30°C for 12 hr and 
resolved on a 20X non-denaturing polyacrylanlde gel. The amount of 
complex formed by the aptamer with the RE peptide was calculated for 
various ratios and we found that the amount of the aptamer-peptide 
complex fell by SOX when the molar ratio was one to eighty (mini llG-31 
: TAR = 40 nM : 3.200 nM). These results suggested that the affinity for 
the RE peptide of the aptamer might be about 80 times higher affinity 
(Dl/2^ 3. 2x/M) than that of authentic TAR RNA (Fig. 4). By contrast, 
no TAR-peptide complex was detected when the molar ratio of non-labeled 
aptaner to non-labeled TAR RNA was 1 : 1. In earlier studies, peptides 
derived from the arglnlne-rlcb region of HIV-1 appeared to bind to 
authentic TAR RNA at concentrations between 16 pM to 40 nM (Churcher et 
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al., 1003; -Long and Crothers. 1995). Both results of titration of Tat 
peptide and of tlie competitive binding assays suggest tliat tlie isolated 
aptamer not only interfered wi tli Tat/TAR interactions but also 
efficiently trapped Tat peptides at sub-nanomolar concentrations. This 
property is clearly desirable for an efficient decoy of viral proteins. 

The double TAR-Iike RNA motif has enhanced affinity for the Tat peptide. 

In order to define clearly the importance of the double TAR-like motif 
in the efficient binding to Tat peptides, we separated the two strands 
and deleted the loop sequences (Fig. 5). Duplex RNA I, that could mimic 
mini nC-31 RNA. was prepared by annealing two chemically synthesized 5' 
and 3' RNA oligomers, (20 mers). Duplex RNA II (with a deletion of the 
3' -bulge residues U and C) was prepared by annealing 3' AUC and the 5' 
RNA oligomers. Duplex RNA III (with a deletion of the 5' -bulge residues 
UU) was prepared by annealing the 3* and 5' AUU oligomers. To prepare 
duplex RNA IV (with deletion of both pairs of bulge residues) both 3' 
AUC and 5' AUU oligomers were annealed. After labeling of the 5' -end 
of the oligomer in each duplex, we equilibrated the CQ peptide (40 nM) 
with each duplex in binding buffer for 30 °C for 1 h. The products were 
resolved on a non-denaturing polyacrylamide gel (Fig. 6) and the amount 
of each complex was calculated as mentioned above. The duplex structure 
that contained both bulges (duplex RNA I) formed a complex at a level of 
about SOX at 40 nM (Pig. 6. lane 12) and mini llG-31 RNA formed a 
similar amount of complex. Deletion of either the 3' -end bnige residues 
UU (in duplex RNA II): (Pig. 6. lane 8) or the 5' -end bulge residues UC 
(duplex RNA III): CPig. 6. lane 10) reduced by about SOX the amount of 
complex formed with the CQ peptide. After deletion of both pairs of 
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bulge residues in the duplex (duplex RNA IV) no conplex was formed in 
the presence of the CQ peptide (Fig. 6. lane 4). The results obtained 
suggest that the ratio of aptaner to peptide in the coaplex was one to 
one and that both pairs of bulge residues did indeed play important 
roles in the efficient binding to the CQ peptide. 

immnn 5 ] 

The effects of mini llC-31 RNA in a cell-free transcription assay 
In order to examine the effect of the isolated aptamer (mini llG-31) on 
transcription of unrelated tenpJates, we performed transcription assays 
in extracts of HeLa cell nuclei (Fig. 7). Addition of exogenous 
authentic TAR RNA (100 pmole) inhibited the transcription of the CMV- 
derived template by about 50-60!i; (Pig. 7. lanes 3 and 4)(Yamanoto et 
al, 1997). Transcription from the CMV promoter in the absence (Pig. 7. 
lane 1) or in the presence of 100 pnole of tRNA (total tRNA from yeast): 
(Fig. 7, lane 2), and in the presence of 100 pinole of mini llG-31 RNA 
(Pig. 7, lane 5) was unaffected or only marginally affected. 
Quantification of the results of three independent transcription 
experiments revealed that only TAR RNA inhibited transcription to a 
significant extent (Fig. 8). Thus, the isolated aptamer bound to Tat 
peptides with high affinity as compared to authentic TAR RNA and It had 
no negative effect on the transcription Of unrelated genes, as judged 
from the results of transcription in vitro. Therefore, it seems that 
mini llG-31 RNA might be very useful as a Tat-specif Ic decoy. 

Conclusion 



Using a strategy of genetic selection in vitro, we isolated an RNA 
aptamer, llG-31. with high affinity to the Tat protein of HlV-1. Both 
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full-length llG-31 RNA and mini llG-31 appeared to bind to the Tat 
peptides with a sinilar efficiency. The isolated aptamer had two TAR- 
like RNA motifs opposite one another which were found to assist in the 
high-affinity binding of the aptamer to Tat peptides. The absence of 
inhibitory effects on transcription by the aptamer. as compared to the 
inhibition by authentic TAR RNA, makes the mini llG-31 RNA an attractive 
molecule for further analysis as a potential Tat decoy in infections by 
HIV-l. 

CPreparation of TAR and mutant TAR RNAs] 
Oligodeoxyribonucleotide templates containing the T7 promoter and 
sequences that corresponded to the RNAs shown in Figure 1 were 
8ynthe8i2ed with a DNA synthesizer (model 392A: Applied Biosystems. USA) 
. In the presence of the reverse primer 5' -GGGTTCCCTAGTTAGCCAGA-3' (E^tJ 
#•^5), single-stranded DNA oligonucleotides were converted to double- 
stranded DNA by Taq DNA polymerase (Nippon Gene. Japan). Each reaction 
was carried out in a 100- jUl mixture that contained 10 tnM Tris-HCl CpH 
8.8), 50 mlri KCl. 1. 5 mM MgCln. 0. IX Triton X-100. 0. 2 mM dNTPs, 100 
pmole of reverse primer. 78 pmole of DNA oligonucleotide and 2.5 units 
of Taq DNA polymerase (takara, Japan). The reaction nlzture was 
subjected to cycles of 94t: for L ntn. 45^!! for 1 min and 68*^ for 2 
ain. until a product of the desired size was obtained. The resulting 
dsDNA template was precipitated in ethanol and transcribed by T7 RNA 
polymerase to generate TAR RNA or a mutant TAR RNA. Transcription in 
vitro was completed during incubations at 37'C for 2 hours using a T7 
Aopli scribe kit (Epicentre Technologies. USA). After the synthesis of 
RNAs and treatment with DNase 1. reaction mixtures were fractionated by 
electrophoresis on a lOX denaturing polyacry lamide get (PAGE). RNAs were 
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extracted and recovered from the gel after ethanol precipitation. 

CTranscript ion assays in vitro in the presence of TAR RNA and mini IIC- 
31 RNA] 

In order to investigate the effects of TAR RNA on the cellular nachinery 
at the transcriptional level, we used the cytomegalovirus CCMV) 
immediate early promoter that either contained or lacked enhancer 
elements. We chose CMV DNA as the template, as an example, for 
evaluation of the effect of TAR RNA on the LTR-independent transcription 
of a template. The CMV early-promoter region (from nt -238 to 364) was 
amplified by Taq DNA polymerase with specific primers [5' - 
TTAGTCATCGCTATTACCATGG-3' (KJiJ*^ 6 ) and 5* -AGCCCT GGATTCACAGGACCGGTG- 
3' (Ejrj*-^ 7 )] by PGR [94t: for 3 min. 50t for 1.15 mln. and 7Z°C for 
3 nin; 30 cycles]. The resulting product of PGR (602 nt) was recovered 
by ethanol precipitation and used in the transcription assay. The 
transcription reaction was carried out with an extract of HeLa cell 
nuclei (Promega. USA) in the presence of C a-'*P]CTP. Initially. 13 
units of the nuclear extract. 3 mM MgCii. 0. 4 nM each ATP. OTP and UTP 
and 16 iiVl CTP plus 10 tiCi [a-'=P]CTP (3.000 Ci/nmole; Amersham. U.K.) 
were combined in buffer [20 mU HEPBS (pH 7.9). 100 aU KCl. 0.2 mM 
EDTA. 0. 5 mM DTT and 20% glycerol], nixed with 100 pmoie of TAR RNA. of 
mini 110-31 RNA or of total tRNA from yeast CBoehringer Mannheim. 
Germany) and allowed to equilibrate for 15 Bin at 30t:. This reaction 
mixture was supplemented with 100 ng of template DNA for PGR to give a 
final reaction volume of 25/zl and incubation was continued at 30°C for 
a further 45 nin. The reaction was terminated by addition of 175 ul of 
stop solution [0.3 M Tris-HCl (pH 7.4). 0. 3 M sodium acetate. 0. 5X SDS. 
2 nM BDTA and 3 mg/ml of tRNA] and the products were extracted once 
with phenol and chloroform before precipitation in ethanol. The newly 
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synthesized RNAs were denatured in loading buffer (25 mH BDTA and 4.5 
M urea) at dO'C for 5 min. loaded on a 6X polyacrylanide gel that 
contained 7 M urea and fractionated by electrophoresis. Bands on the 
gel were quant itated with an inage analyzer (BAS 2000; Fuji Filn, Japan) 

CSynthesis of Tat-derived peptides and gel-shift assays] 
Two Tat-derived peptides that spanned the arginine-rich region of Tat 
protein were synthesized chenically: CQ Canine acids 37-72, 
CFTTKALGISYGR KKRRQRRRPPQCSQTHQVSLSKQCK^JS'^ 8 ). 36 mer) : and RB 
(amino acids 49-86, RKKRRQRRRPPQCSQTllQVSLSKQPTSQSRGDPTGPKE(K?tj«-^ 9 ), 
38 ner). These peptides were purified by HPLC and their compositions 
were confirmed, after hydrolysis, by reverse-phase HPLC. 

CQ peptide was titrated against 5' -labeled TAR or a 
variant in an binding reaction [10 mM TrIs-HCl (pH 8.0), 70 mM 

NaCl, 2 mM EDTA, 40 nM total tRNA fron yeast (Boehrlnger) and 0.01% 
Nonidet P-40 (Shell Chemicals. USA)]. Initially, each labeled TAR RNA 
was denatured at 94X^ for 2 min and allowed to equilibrate at room 
temperature for 10 min before mixing with various concentrations of the 
peptide. The mixtures were incubated at SOt: for 1 h and the complex and 
free RNAs were separated by PAGE on a 15% non-denaturing gel. The 
amount of each complex on the gel was quantitated with the Image 
analyzer. 

CTat protein and the RNA pool] 
The Tat protein of HIV-1 that we used for selections was purchased from 
RepliGen (USA). Initially this Tat protein was tested for LTR-dependent 
trans-activation in a cell-free transcription assay with a HeLa nuclear 
extract and it was demonstrated that the preparation efficiently 
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supported trans-activation. The preparation was also analyzed for 
efficient binding to TAR. From its properties, we reasoned that the 
preparation contained active Tat protein of high purity O90I). 

The RNAs in the pool contained 120 nt (N) random core 
region that was flanked by two constant regions for amplification, as 
follows (Ellington and Szostait (19S2)): 5' — GGCACAAUUCCCACCAGAACCUU— 
120N--CAUAUG UGCG UCUACAUGGAUCCUCA--3' (iB3f»J#^ 1 0). The primers used 
for amplification of the pool were 5* -ACTAATACCACTCACTATAGGGACAATTCCGACC 
AGAAC-3' (designated 39. 169, mmWf-^ 1 1 ) and 5' -TGACGATCCATGTAGACCCAC 
ATA-3' (designated 24. 169, K?IJ»-^ 1 2), In the selection cycles, 
yeast tRNA (Boehringer Mannheim) was used as a non-specific competitor. 

(Selection in vitro] 
The protocol that we followed for selection in vitro resembled that 
reported by Urvll et al. (1997). The first cycle of selection was 
carried out in binding buffer that contained 5. 0//M (final 
concentration) RNA (representing approximately 4 x 10" RNA sequences) 
and 0.5 //M Tat protein (HlY-1), Before mixing of Tat protein and pool 
RNAs. initially, the RNAs in the pool were denatured in binding buffer 
at got) for Z min and allowed to cool at room temperature for 10 min to 
facilitate the equilibration of different conformers. The reaction 
mixture was incubated for 1 h and filtered as discribed elsewhere (Urvil 
et al., 1997). After each of the next five cycles, concentrations of 
pool RNAs were manipulated and RNAs were allowed to compete for binding 
to Tat in the presence of Increasing concentrations of both non-specific 
RNA (B. coli tRNA) and specific competitor RNA (TAR RNA containing nts 
+18 through +44) up to the sixth cycle. Prom the seventh to the eleventh 
cycle, the pool RNAs were allowed to compete additionally with another 
specific pool of competitor RNAs [a selected pool (12-18 N pool, with 
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Tat-binding ability of about 5X)]. Por the last two cycles, the 
concentration of Tat protein was reduced significantly. The binding 
buffer consisted of 50 mM Tris-HCI (pH 7.8) and 50 mM KCI. Pool 0 RNA 
was pre-filtered through a prewetted nitrocellulose acetate filter (HAWP 
filter. 0.45 tim, 13.0 mm diameter: Millipore, USA) in a "Pop-top" 
filter holder CNucleopore. USA) to select against RNAs that bound 
selectively to the filter. This pre-fi 1 taring was performed after each 
additional cycle. The Tat-RNA complexes were collected on a filter 
after each cycle of selection by washing with 1 ml of binding buffer. 
Bound RNAs were eluted from filters with 0. 4 M sodium acetate, 5 mM EDTA 
and 7 M urea (pH 5.5) at QOX over the course of 5 min. After ethanol 
precipitation, reverse transcription and amplification by PGR were 
performed with AMV reverse transcriptase (Seikagaku, Japan) and Taq DNA 
polymerase (Nippon Gene), respectively, as described elsewhere (Urvil et 
aK, 1997), 

In addition, a mutagenic PCR protocol (Leung et al.. 
1989) was also employed during the ninth, tenth and eleventh cycles. In 
these cycles, half of the cDNA reaction mixture was amplified as 
described above, while the remaining half was amplified in LOO/zl of a 
reaction mixture for PCR that contained 67 mM TrIs-HCl (pH 8.8). 16.6 
nAI (NH4)< SO,. 6.1 inM MgCU. 6. 7 ny EDTA (pH 8.0), 0.17 ng/ml BSA, 10 
mM j3-mercaptoethanol. IX DMSO. 0. 2 mM dATP. 1 nH each of dCTP. dGTP 
and dTTP. 0. 5 mM MnCli. 5 U of Taq DNA polymerase and 0. 4 ndl of each 
primer. The reaction mixture was cycled at 94*^ for 1.15 nin, at SCC 
for 1. 15 nin and at 72*^; for 2.15 min for as many cycles as were needed 
to produce a band of a product of the appropriate size. The product from 
this PCR (ca, 0.25 jug) was combined with the product of the standard 
PCR (ca. I. 0 ^g) prior to transcription with T7 RNA polynerase. 

After the eleventh cycle of selection, the product of 
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PCR was ligated directly into the pCRII vector (Invitrogen. USA) in 
accordance with the protocol provided by Invitrogen. DNA was isolated 
from individual clones by the alkal inelysis nethod and sequenced with a 
Dye Terminator Sequencing Kit [Applied Biosystems Inc. (ABl)] on a DNA 
sequencer Cnodel 373A; ABO. 

CPilter Binding Assay] 
For evaluation of the binding activities of pool RNAs from different 
selection cycles, as well as those of individual aptamers, internally 
labeled RNAs were prepared using 0.5 wCi/ml [«-"P]CTP. Conditions for 
binding and transcription In vitro were similar to those used for 
selection except that the molar ratio of RNA to Tat was 1:1 (330 nM : 
330 nil). The filters were washed with I mi of binding buffer, air- 
dried, and radioactivity on filters was quantitated with the image 
analyzer (BAS2000). To ensure that the binding was specific, we added a 
ten-fold molar excess of tRNA as a nonspecific competitor to each 
binding reaction. 

CGel-shift competitive binding assay] 
The 5' -end labeled mini llG-31 RNA and TAR RNA were mixed initially at a 
molar ratio of one to one. Various ratios of TAR to mini 11G-3L RNA, 
ranging from 1:1 to 1:200. were prepared after adjustment of 
concentrations with non-labeled mini 110-31 and TAR RNA (40 nM mini IIC- 
31 and Increasing concentrations of TAR RNA, from 40-8.000 nM). Both 
RNAs were denatured at 94*^ for 2 mln and then allowed to equilibrate 
at ambient temperature. The RNA samples were then allowed to bind to 80 
nM RE peptide at 30V for 12 h, to allow quantitation of the RNA- 
proteln complex at the equilibrium point. The reaction products were 
separated on a non-denaturing gel and the amounts of complexes formed 
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by the two RNAs were analyzed. 

To characterize the individual aptaoiers from the 
eleventh selection cycle, we performed similar conpetltive binding 
assays, in which individual RNAs (10-100 nM) were allowed to compete 
with authentic TAR in the presence of 100 nM CQ peptide. 

(Synthesis of mini llG-31 RNA duplexes] 
In order to establish the importance of double TAR-like motif of llG-31 
for efficient binding to the Tat-derived peptide (CQ). four strands of 
oligoribonucleotides were chemically synthesized to prepare four duplex 
RNAs after deleting the loop sequences from minillG-31 RNA and their 
sequences are as follows: 5' RNA oligo (5* -ACGAACCUUGAUCCCGACAC-3' (BG^J 
»-^3) ). 3' RNA oligo (5' -GUCUCGGUCGAUCCCUUCGU-3' (Be^I#^ 1 3 ) ), 5' 
AUU RNA oligo (5-ACGAAGCCAUCCCGAGAC-3' (Se^J»^ 1 4 ) ). 3' AUC RNA 
oligo (5* -CUCUCCCGAUCGCUUCGU-3' ( K^J*-^ 1 5) ). These oligo' s 
functional groups were deprotected by established protocols (ABI manual) 

and purified on a 20% polyacryiamide gel. 
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BB3«J#-^ : 1 
mjf\<D^^ : 5 9 

mm<z>m : mm 

h JJ? P - : aiftiK 
Be^'JO«IS : yV ARNA 
iE?<J : 

GCCUCUCUCU GGUUAGACCA GAUUUGAGCC UGGGAGCUCU CUGGCUAACU AGGGAACCG 59 

K^J»^ : 2 
B5^J©S$ : 3 7 
E3^iJ<Z^S[ : 

: -*«| 

mmoDmm «k(ot$iWt -^^rna 

ACGAACCUUG AUCCCGUUUC CCGGUCGAUC GCUUCGA 37 

£94*^ : 3 
Wim<DM^ : 2 0 

tmcom : »R 

m<o$k. : -*« 

fls^ioais : «iico»iie ^j^rna 

E^iO#ltt : 
ff^SEffiK : 8. . 9 

#:aE{&S : 13.. 14 
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-*«RNA ry-cu-B'j ir^-t^ 

mm : 

ACGAAGCUUG AUCCCGAGAC 20 



E?iJ<D;g$ : 1 6 5 
£?IJCD^ : i&(Wlt 
: -*« 

h ^ a - : mm^ 

mm : 

GGCAGAAUUC CGACCAGAAC CUUGAUCCCC 
AAACGAACCU GGAUGUUCCU GUCUDUGCUU 
UUCUUUAAUU UCGUGUAGUC AUAUGUGCGU 

mniSr^ : 5 
mn<DMi^ : 2 0 
mn(om ^wt 

mm<Dum f&cD^tt -^jDcona 
mn : 

GGGTTCCCTA GTTAGCCAGA 



UUUGCCCGUC GAUCGCUGUA UGUAUCGUUU 60 
UAUGCGUCGU GUUGACCCGA GACUGGGCAA 120 
CUACAUGGAU CCUCA 



mn^^ : 6 
aeyijoss : 2 2 
mmaam mm 

m(D». : -:^«[ 
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TTACTCATCG CTATTACCAT GG 22 



K?1J#-^ : 7 
ie?li®g$ : 2 4 

C^iOflt^ : flbO«Eift ^^DNA 
AGGCCTGGAT TCACAGCACC GGTG 



R?*l#^ : 8 
Be3«]OS$ : 3 6 

Cy« Phe Thr Thr Lys Ala Leu Ciy [le Ser Tyr Gly Arg Lys Lys Arg 16 
Arg Gin Arg Arg Arg Pro Pro Gin Cly Ser Gin Thr His Cln Val Ser 32 
Leu Ser Lys Gin 3g 



mym^ : 9 

£^J<Og$ : 3 8 



m 



(59) 
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EfiJ : 

Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr 16 
His Gin Val Ser Leu Scr Lys Gin Pro Thr Ser Gin Ser Arg Gly Asp 32 



E?«J»^ : 1 0 

E?fJ<DS$ : 1 6 9 

s.m<om : mm 

1*«*^-rie^ : unsure 
^^E&S : 24.. 143 

mn : 

GGGAGAAUUC CCACCAGAAG CUUNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 60 

NNNNNNNNNN NNNNNNIsfNNM NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 120 

NNNNNNNNNN NNNNNNNNNN NNNCAUAUGU GCGUCUACAU GGAUCCUCA 169 

R5»J»-t : I I 
ESnjCDS^ : 3 9 
: m«t 

mm : 

AGTAATACGA CTCACTATAG GGAGAATTCC GACCAGAAG 39 



Pro Thr Gly Pro Lys Glu 



38 



E9iJ#-^ : 1 2 




(60) 



Be?iJ©S$ : 2 4 

ie^]<oM : mm 

h ^ a - : 

TCAGCATCCA TGTAGACGCA CATA 
ffi^njs-^ : 1 3 

m^^mm.^ 2 0 

h n - : ig[«liK 
£7'l<D«ia : ftbCD^IS ^^RNA 

: 

GUCUCCGUCG AUCGCUUCGU 

K?1J#-^ : 1 4 
fiJlJCD:^^? 1 1 8 

mm<Dmm itk<D^&t -^mm 

ACGAAGCCAU CCCCAGAC 
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24 



20 



E9IJ«-^ : 1 5 
£^J<D:g$ : 1 8 



(61) 
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GUCUCGGGAU CGCUUCGU 



18 
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4. Brief Explanation of the Drawings 

Figure 1. Scheme for genetic selection in vitro. 

Figure 2. Representative sequences and secondary structures from each 
class of RNAs. 

Figure 3. A. Pornation of conplex between Tat-dertved peptides (CQ and 
RB) and TAR RNA or mini llC-31 RNA. Binding reactions contained 5' -end 
labeled RNA (15.000 cpm) and 5. 10, 20, 40, 60. 80. or 100 nM Tat- 
derived peptide. Conplexes were separated from unbound RNAs by 
electrophoresis on 20X non-denaturing polyacrylamide gels. (A-1) TAR 
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RNA and CQ peptide: (A-2) TAR RNA and RB peptide; (A-3) mini llC-31 RNA 
and CQ peptide; CA-4> mini llG-31 RNA and RE peptide. B, Formation of 
complex between a bulge deletion variant, an RNA lacking the bulge 
residues in mini 110-31 RNA. and Tat-derived peptides (CQ and RE). (B-1) 
The RNA lacking the bulge residues in mini llG-31 RNA and the CQ 
peptide; CB-2) the RNA lacking the bulge residues in mini llG-31 RNA 
and the RE peptide. 



Figure 4. The result of competitive binding assay. Formation of a 
complex when a mixture of 5' -end labeled mini llC-31 RNA (20, 000 cpm), 
unlabeled mini llC-31 RNA (40 nM). and unlabeled authentic TAR RNA at 
various concentrations (40 to 8,000 nM) was allowed to bind with the RB 
peptide (80 nM) at 30 t for 12 h. The mixture was fractionated on a 
non-denaturing gel as mentioned the legend to Figure 3. 

Figure 5. Synthetic mini IlG-31 RNA duplexes. Bases deleted from duplex 
mini 11G-3I RNAs are indicated by boxes. 

Figure 6. Pornation of complex between the Tat-derived peptide CQ and 
duplex RNA I (mini llG-31). duplex RNA El. duplex RNA III. or duplex RNA 
IV. Reaction mixtures contained either a duplex strand or RNA (one 
labeled RNA. usually the 5' -end- labeled oligomer and unlabeled second 
strand) alone or in the presence of 40 nM CQ peptide. Complexes were 
separated from unbound RNAs by electrophoresis on a 20JK non-denaturing 
polyacrylaaide gel. 3* AUC RNA oligo alone (lane 1) or in the presence 
of CQ peptide (40 nM) (lane 2): duplex RNA IV either alone (lane 3) or 
in the presence of CQ (lane 4): 3* RNA oligo either alone (lane 5) or in 
the presence of CQ (lane 6): duplex RNA III either alone (lane 7) or in 
the presence of CQ (lane B): duplex RNA II either alone (lane 9) or In 
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the presence of CQ (lane 10); duplex RNA (either alone (lane 11) or in 
the presence of CQ (lane 12), Large and small arrow heads indicate 
duplex RNA and CQ peptide conplex and duplex RNAs, respectively. 



Figure 7. Inhibition of transcription from a CMV early promoter-driven 
template by mini llG-31 and authentic TAR RNA In an extract of HeLa 
nuclei. The template containing the early promoter of CIMV was 
transcribed in the absence (lane 1) and in the presence (lanes 3 and 4) 
of 100 pmole of TAR RNA, In the presence of 100 pmole of tRNA (total 
tRNA from yeast; lane 2), or in the presence of 100 pinole of mini LIG- 
31. Single-stranded DNA markers were loaded in lane M. The newly 
synthesized transcript is indicated by an arrow. 



Figure 8. The relative level of transcript (364 nt) synthesized in vitro 
was quant itated in three independent experiments (experimental 
variations are indicated by error bars). 
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1. Abstract 

A ribonucleic acid that is capable of binding to a trans- 
activation protein of human iimnunodef i ciency virus and which comprises 
the nucleotide sequence represented by the following second structure 
(I): 



C — G 

u 



U 



C — G 

U — A 

A — U <» 

G — C 

G — C 
5' N''-~ N'" — 3' 

wherein N" and N" are at least 2 pairs of nucleic acid bases, N^" and 
N"* are at least I pair of nucleic acid bases. and are each 
independently 1 or 2 nucleic acid baseCs). N" and N*" are at least 1 
pair of nucleic acid bases. N" and N*' are at least 1 pair of nucleic 
acid bases, is 0-5 nucleic acid baseCs), and the bold lines 
represent hydrogen bonds between the nucleic acid bases. Use of the 
ribonucleic acid. 



2. Representative Drawing 
None 



